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PREFACE. 


A  NEW  edition  of  this  Manual  having  been  for  some  time 
called  for,  the  Author  has  thoroughly  revised  it,  and  re- 
written much  which  in  the  progress  and  improvements 
effected  in  metallurgic  operations,  had  become  obsolete  or 
superseded.  In  doing  this,  he  has  addeA  '^  .its  size,  and 
introduced  a  large  nimiber  of  extra  and  useful  illustrations ; 
and  he  has,  moreover,  adopted  in  the  chemical  portions 
the  nomenclattire,  atomic  weights,  &c.  in  accordance  with 
present  views,  and  now  so  universally  employed. 

The  first  edition  was  the  substance  of  a  short  course  of 
lectures  delivered  with  regard  to  special  requirements,  but 
from  other  channels  in  which  the  book  has  circulated,  the 
Author  has  in  the  prese^t  edition  very  much  extended  it, 
aiming  at  making  it  as  useful  as  possible  as  a  short  com- 
prehensive manual  for  the  general  student;  and  although 
by  this  he  has  put  aside  any  special  object,  he  believes  he 
has  not  thus  detracted  from  its  usefulness  to  any,  but,  on 
the  contrary,  enhanced  it ;  and  again  he  has  not  thought  it 
needful  to  alter  the  arrangement  of  the  first  edition,  or 
materially  the  order  in  which  the  metals  were  therein 
considered. 


Eveiy  one  engaged  in  metallnrgio  pursuits  must  feel 
how  much  the  science  and  practice  of  the  various  branches 
of  these  are  indebted  to  such  an  author  as  Dr.  Percy,  the 
candour  and  impartiality  of  vhose  writings  (the  fruits  of 
long  experience)  are  only  excelled  by  the  exhaustive  way  in 
which  each  subject  is  treated  by  him,  the  latter  fact,  of 
necessity,  rendering  his  works  voluminous. 

The  Author  of  the  present  volume  hopes  that  a  mo- 
derately condensed  one,  in  which  the  leading  points  con- 
nected with  the  principal  metals  are  set  forth,  may  be 
foimd  useful 

He  has  to  acknowledge  his  obligations  to  the  author 
already  named,  also  to  Bruno  Kerl's  'Handbuch'  in 
German,  and  again  to  Mr.  Oroohes'  careful  translation  of 
the  same ;  to  Phillips's  '  Mining  and  Metallurgy  of  Qold  and 
Silver,'  and  several  other  such  standard  works. 

He  would  here  thank  his  former  colleague,  Mr.  D.  C. 
Griffith  (one  of  the  Aaaayers  to  the  Bank  of  England),  for 
his  valuable  information  upon  lead-refining,  desilverizing, 
Ac.,  in  which  operations  that  gentleman  haA  now  had  very 
considerable  experience ;  and  also  his  former  pupil,  Mr. 
James  Ifapier,  jun.,  for  details  of  the  Mexican  plan  of 
amalgamation,  operations  in  which  he  was  personally  en- 
gaged at  Guanazuato ;  and,  lastly,  to  those  other  friends 
who  have  kindly  afforded  information  on  special  points 
in  the  various  deportments  in  which  they  are  occupied. 

/oHuary,  1HT3. 
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METALLURGY. 


GENERAL  PROPSBTIBS  OF  THE  METALS. 


The  operations  of  the  chemiat  have  for  their  object  either,  on  the 
one  band,  the  comhination  of  diverse  fonns  of  matter,  whereby 
new  compound  bodies  are  produced,  or  else,  on  the  other,  the 
separation  of  compounds  already  existing,  so  as  to  reduce  them  to 
simpler  states ;  thus,  by  the  latter  method  of  proceeding,  he  wiU 
airive  at  pointe  where  the  process  of  separation  is  no  longer 
practicable,  although  possibly  this  stop  is  put  to  the  decomposing 
process  by  our  waat  of  means  to  carry  it  on  in  our  present  state 
ofknowledge.  The  ultimate  forms  into  which  all  compound  bodies 
are  resolvable  are  called  '  elements.' 

The  elements  at  present  known  are  about  sixty-three  in  num- 
ber, whUe  of  these  no  less  than  fifty  are  called  '  mctala.'  Their 
study  constitutes  the  science  of  Metallnrgy,  which,  although  by 
strict  definition  means  tlie  production  of  metals,  will,  throughout 
the  following  pages,  be  extended  to  as  much  of  their  chemistry 
also  es  relates  to  their  less  complex  compounds.  Indeed  the  rapid 
progress  made  in  Metallurgy,  both  in  the  improvement  of  its  older 
operations  as  well  as  in  the  devising  and  carrying  out  of  new  ones, 
is  mainly  due  to  chemistry. 

As  chemical  changes,  or  reactions,  as  they  are  termed,  are 
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frequently  somewhat  complex,  it  is  fouud  convenient  tu  be  able  to 
eipresB  the  names  of  elements  in  short,  and  thus,  by  meauB  of 
iibbreviations,  to  construct  formula;  of  such  changes,  whereby  the 
whole  of  any  operatiou  may  at  once  be  brought  under  the  eye. 
These  abbreviations,  called  symbols,  are  commonly  made  by  em- 
ploying the  first  letter  of  the  Latin  name  of  the  element,  or,  where 
such  initial  letter  is  common  to  more  than  one  element,  then  using 
the  two  fiiEt  letters  for  the  tesa  important  one. 

Again,  as  each  element  ia  suj^Kised  to  have  a  definite  atomic 
weight,  as  it  is  expressed,  or,  in  other  words,  a  proportion  as  com- 
pared with  the  rest,  in  which  it  will  enter  into  combination  to 
form  a  compound  body,  such  quantity  has,  until  very  recently, 
been  called  its  'equivalent' — a  term  expressing  the  fact  that  a 
certain  weight  of  one  body  is  just  equivalent  to,  and  will  replace, 
a  certain  equally  fixed  weight  of  another  in  forming  new  combina' 
tiona,  th*e  combining  equivalent  of  the  gas  hydrogen  forming  the 
unit  of  the  system  of  numbers.  But  as  chemists  have  of  late 
applied  the  terms  'equivalent'  and  'equivalency'  in  a  different 
sense,  in  accordance  with  recent  chemical  discovery,  it  is  found 
better  to  designate  such  quantities  as  atomic  weights,  or  combin- 
ing proportionals. 

But  very  little  more  than  a  century  back  the  old  writers  on 
the  metals. stated  their  total  number  as  six  only,  adding  some  four 
or  five  (of  which  zinc  was  oiie)  which  they  termed  semi-metals. 
In  17s >i  however,  Cronstedt  discovered  nickel,  and  up  to  the  end 
of  that  century  Klaproth  and  others  added  a  few  more  to  the  list; 
biit  during  the  present  century,  commencing  with  Davy's  isolation 
of  the  metals  of  the  alkalies  and  alkaline  earths  in  180S,  dis- 
coveries have  rapidly  progressed  ;  so  that  what  were  chemical 
rarities,  as  aluminium  and  magnesium  for  instance,  are  now  in 
daily  manufacture  on  the  large  scale.  And  again,  during  the  last 
ten  years  or  so,  no  less  than  four  more  new  and  well-defined 
metals  have  been  brought  to  light  by  means  of  spectrum  analysis. 

The  progress  of  chemical  knowledge  has  led  to  more  complete 
examination  of  these  subjects.  Thus,  in  the  case  of  magnesium, 
which  Davy  ftuled  to  isolate,  a  later  chemist,  Buasy,  succeeded 
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In ;  aud  Sonstadt  has  of  late  rendered  its  production  an  ordinary 
operation.  Similarly  the  red  body,  which  even  so  accurate  an 
experimenter  as  WoUaston  stated  to  be  pure  titanium,  haa  been 
ehovm  by  Wohler  and  Deville  Xo  be  but  a  compound  of  that  metal, 
they  having,  moreover,  produced  the  steel  grey  metal  itself.  And, 
lastly,  the  researches  of  Grookea  upon  thallium,  of  Roscoe  on 
vanadiiun,  and  the  work  of  the  late  Dr.  Matthieaen  on  metals  and 
aUoya  generally,  show  fully  the  bearing  and  influence  which  refined 
chemical  and  physical  knowledge  exerts  upon  the  operations  of  the 
metallurgist. 

Of  the  known  metals  not  more  than  about  fourteen  are  em- 
ployed in  true  metallic  condition.     In  this  list  we  may  place — 


Iron, 

Aluminium, 

Copper, 

Magnesiimi, 

Lead, 

Bismuth, 

Zinc, 

Gold, 

Tin, 

Silver, 

Antimony, 

Mercury, 

Nickel, 

PlatinuoL 

Then  about  twelve  are  extensively  used  in  their  compounds, 
and  some  of  these  for  alloying  purposes.     These  are — 
Potassium,  Arsenic, 

Sodium,  Chromium, 

Calcium,  Cobalt, 

Barium,  Cadmium, 

Lithium,  Titaniimi, 

Manganeae,  Uranium. 

"While  the  twenty-four  remeuning  are  more  or  less  rare. 

The  metallic  elements  may  be  first  divided  into  two  classes, 
noble  and  base:  the  noble  metals  being  those  whose  compounds 
with  oxygen  are  decomposable  by  heat  alone ;  the  base,  those  which 
retain  oxygen  at  high  temperatures. 

There  are  several  methods  of  classiQong  the  metals,  but  per- 
haps the  most  useful  and  practical  one  is  founded  upon  thei- 
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Einalytical  b«aringB ;  and  upon  this  the  following  table  is  arranged, 
in  which  against  each  is  placed  ita  symbol  and  atomic  weight,  the 
names  of  those  of  less  importance  beii^  printed  in  smaller  type. 

The  base  metals  may  be  classed  first,  and  in  six  divisions.  The 
metals  of  the  lirst  division  are  characterised  by  very  low  specific 
gravity;  they  are  very  soft,  and  also  fusible  at  low  tempera- 
tures. They  are  so  readily  oxidised  as  to  extract  oxygen  from 
water,  with  liberation  of  its  hydrogen.  Their  oxides  are  soluble  in 
water,  and  ^ve  it  an  alkaline  reaction,  as  also  are  their  phosphates 
and  carbonates.  Hence  potassio  oarbonate  will  not  precipitate 
solutions  of  other  metals  of  this  division  (excepting  lithium,  and 
the  precipitate  produced  in  lithium  will  redisaolve  with  slight 
heating  or  agitation).  Neither  hydrosulphuric  acid  (dihydric  sul- 
phide) nor  sulphide  of  ammonium  {ammonio  -  hydric  sulphide] 
produce  any  precipitate. 

This  division  contains  five  metals : — 


Potassium 

Sodium 

LiUtinin 

Babidinm 

Coesiom 


K' 


cr 


Atomic  Weight. 
39' 


!S!' 


'33 


Cfi- 


In  the  second  division  some  decompose  water  rapidly.  Their 
oxides  are  more  or  less  soluble  in  water,  and  render  it  alkaline ; 
but  the  neutral  carbonates  and  phosphates  are  insoluble ;  hence 
metals  of  this  division  are  precipitated  by  potassic  carbonate ;  they 
are  not  precipitated  by  hydrosulphuric  acid  (dihydric  sulphide) 
nor  by  sulphide  of  ammonium  (ammonio-hydric  sulphide). 
It  contains  four  metals  :— 

Barium  Ba"  137 

Strontium  Sr"  87- j 

Calcium  Ca'  40 

Magnesium  Mg"  24-3 

In  the  third  division  those  metals  which  have  been  isolated  do 
not  decompose  water  at  ordinary  temperatures  without  the  addition 
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of  a  weak  acid  or  a  slight  rise  of  temperature.  Their  oxides  and 
carbonates  are  insoluble  iu  water,  and  henoe  potaesic  carbonate 
tbrowB  down  a  precipitate  from  their  solutions.  Sulphide  of 
ammonium  (ammonio-hydric  aulphide)  precipitates  from  them  a 
hydrated  oxide,  and  not  a  sulphide — in  fact,  acts  just  as  pure 
ammonia  would  do.  Hydrosulphuric  acid  (dihydric  sulphide) 
gires  no  precipitate. 

Thirteen  metals  come  into  this  division,  but  ten  of  these  are  of 
small  importance : — 

Aluminium  Al'"  aj'j 

Cbromitmi  Cr  $2-$ 

Titanium  Ti  $o 

Olamnnm  or  BeijlUnm  O"  -      9'j 

Thominm  Th  138 

Yttrium  Y  617 

Zirccniam  Zr  Ij's 

Erbiam  111-6 

Cerinm  Ce  91 

Lktithumm  La  96 

DidimiDiD  Di  94 

TuiMlam  Ta  iSi 

Colnmbiam  or  Niobium  Nb  94 

In  the  fourth  division,  several  of  the  chief  decompose  water  at 
a  red  heat  Their  acid  solutions  are  not  precipitated  by  hydro- 
Bulphuric  acid  (dihydric  sulphide),  but,  if  neutral,  a  partial  pre- 
cipitation will  take  place.  Sulphide  of  ammonium  (ammonio- 
bydrio  sulphide)  completely  precipitates  alkaline  or  neutral  solu- 
tions, and  the  division  is  distinguished  from  the  third  in  this 
precipitate  being  a  sulphide.     It  contains  nine  metals: — 

Iron  Fe"  56 

Nickel  Ni"  59 

Cobalt  Co"  S9 

Manganese  Mn  55 

Zinc  Zn"  6; 

Uranium  XJ  1 10 
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VaundiTim  V  s'"4 

Tballium  T1  ac4 

Indiam  In  7  5 '6 

Metals  of  the  fifth  diviaion  do  not  decompose  water  at  any 
temperature.  Hydrosulphuric  acid  (dihjdrio  sulphide)  precipi- 
tates them,  whether  acid,  alkaline,  or  neutral ;  because  the  pre- 
cipitated sulphides  are  insoluble  in  dilute  acids  or  in  alkaline 
sulphides.  (In  the  latter,  however,  cuprio  sulphide  is  slightly 
soluble.)  This  precipitation  by  hydrosulphuric  acid  distiuguishes 
this  from  the  four  preceding  groups. 

It  contains  four  metals  : — 

Cadmium  Cd"  1 1 2 

Lead  Pb"  107 

Bismuth  fii"  210 

Copper  Cii"  63-5 

In  the  sixth  division  all  the  higher  oxides  of  the  metals  have 
acid  properties.  Hydrosulphuric  acid  {dihydric  sulphide)  throws 
down  their  sulphides  insoluble  in  acids,  but  soluble  in  alkaline 
sulphides,  for  they  att  as  sulphur  acids  to  the  latter  as  bases. 
Hence  they  are  soluble  in  sulphide  of  ammonium  (ammonio-hydric 
sulphide),  but  may  be  reprecipitated  by  acids. 

The  metals  are  six  in  number : — 

Tin  Sn"  118 

Antimony  Sb'"  ■  iz 

Arsenic  As'"  75 

Moljbdenmn  Mo  96 

ToDgsten  W  1S4 

Tellnrinm  Te  119 

The  second  class  of  metals,  termed  noble,  is  distinguished  more 
especially  by  their  oxides  being  reduced  by  heat  alone,  and  some, 
as  oxide  of  gold  for  example,  at  a  very  low  temperature.  Their 
general  chemical  characters  resemble  those  of  the  fifih  and  sixth 
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divisianB  of  the  base  metala  ;  some  have  their  Bulphides  soluble  id 
sulphide  of  ammonium,  and  especially  if  it  contains  eiccBS  of 
sulphur;  thus  gotd,  platinum,  and  iridium,  in  this  respect  resemble 
division  6  of  the  base. 

There  are  nine  noble  metals : — 


Mercmy 

Hg 

ZOO 

saver 

Ag 

108 

Gold 

Au 

1966 

Platinum 

Pt 

197-1 

FaU»dtnm 

Pd" 

lofi-s 

Rhodimn 

Ro"' 

104-3 

Rn 

Osmium 

Os 

'99 

Iridium 

Ir 

1971 

The  non-metallic  elements  may  be  divided  according  to  their 
physical  states  iu  the  following  way  : — 


BBeonH  Elements. 

Symbol. 

Atomic  Weight. 

1.  Oiygen 

0 

16 

z.  Hydrogen 

H 

I 

3.  Nitrogen 

N 

1  + 

4.  Chlorine 

01 

3S"> 

5.  Fluorine 

F 

'9 

Solids. 

1.  Carbon 

C 

12 

2.  Boron 

B 

109 

3.  Silicon 

Si 

18 

4.  Sulphur 

s 

3» 

S.  Selenium 

Se 

79  S 

6.  Phosphorus 

P 

31 

7.  Iodine 

I 

117 

Liquid. 

1.  Bromine 

Br 

Ho 
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A  metal  may  be  defined  as  a  aolid  elementaty  body,  vhich 
conducts  heat  aad  electricity  through  its  substance  perfectly,  and 
haa  a  peculiar  condition  of  surface,  whereby  light  is  strongly 
reflected  from  it ;  and  hence  ita  surface  ia  more  or  less  lustrous. 
The  latter  character  ia  generally  so  strongly  marked  that,  in 
speaking  in  common  language  of  any  lustrous  body,  we  say  it  has 
'  a  metallic  lustre.'  It  seems  to  be  the  result  of  perfect  opacity, 
by  which  all  rays  are  reflected  frvm  the  surface ;  for,  if  we  take 
finely  divided  gold  or  silver,  we  observe  it  to  be  a  dull,  sandy- 
looking  body,  yellow  in  the  former,  and  grey  in  the  latter  case ; 
but  the  least  condensation  of  surface  by  rubbing  with  the  smooth 
face  of  a  hammer  or  a  bumialiei5>  will  produce  the  necesaary  state 
of  it  for  this  reflexion  of  light 

The  smoother  the  bumiaher  the  better  the  surface.  Thus  the 
Birmingham  button-makera  generally  use  an  agate  burnisher  as 
giving  a  smoother  surface  than  a  metal  one.  Electro  deposits  of 
gold  or  of  silver  when  removed  from  the  decomposing  cell  are 
perfectly  dull  and  unmetallic  in  appearance,  but  a  wire  scratch 
brush  brings  up  metallic  lustre  by  laying  the  surface  without 
j>enetmting  into  or  removing  metaL 

The  metals  are  nearly  all  perfectly  opaque,  even  in  thin  leaves, 
although  the  small  number  posaeasing  transparency  may  depend 
on  our  inability  to  bring  8uch*jnto  a  sufficiently  attemiated  state  j 
for  gold,  which  readily  admits  of  this,  is  easily  shown  to  transmit 
green  light. 

This  may  be  very  elegantly  demonstrated  by  taking  some 
twenty  grains  of  fine  gold,  and  fusing  it  in  a  convenient  shallow 
vessel.  This  is  to  be  removed  from  the  furnace  in  a  completely 
fluid  state ;  when,  if  watched,  it  will  be  observed  that,  just  upon 
cooling,  a  crust  of  solid  metal  will  first  suddenljc  form,  through 
which  the  light  of  the  internal  red-hot  maaa  appears  of  a  beautiful 
brilliant  green  colour. 

The  non-metallic  elements  admit  of  ready  division,  as  we  have 
seen,  dependent  upon  physical  differences.  The  aolid  bodies  of 
this  division  have  been  called  'metalloids;'  and  between  these  and 
the  true  metals  the  line  of  separation  ia  not  very  definite. 
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For  example  : — Iodine,  and  also  sclemum,  posBess  very  strong 
metallic  lustre,  bo  that  selenium  has  actually  been  classed  with  the 
metals,  while  silicon,  as  also  tellurium,  is  now  commonly  associated 
with  the  '  metalloids.'  The  former  commonly  being  produced  as 
a  dull  brown  powder ;  and  the  latter,  although  possessing  lustre, 
being  deficient  in  conducting  power  of  heat  and  electricity. 

The  colour  most  prevailing  in  metals  passes  through  all  shades 
of  white,  of  which  the  pure  white  of  silver  may  be  taken  as  the 
starting-point,  and  the  blue  white  of  lead  the  farthest  remove  fixjm 
it;  all  others,  with  about  five  exceptions,  being  rangeable  between 
these  two  shades. 

Then  follow  the  yellow  metals  ;  barium  and  strontium  are  pale 
yellow ;  calcium  is  deeper  in  colour ;  and  gold  of  a  rich  yellow. 
Copper  is  the  only  red  metal,  for  Deville  and  Wohler  have  found 
that  titanium,  which  used  to  be  classed  with  copper  as  red,  is 
(when  piire)  steel  grey. 

The  metals  are  nearly  all  destitute  of  odour  or  taste,  but  there 
are  some  exceptions  to  this.  Thus  peculiar  odours  will  be  evolved 
when  we  heat  iron  or  copper ;  and  one  of  our  means  of  discrimi- 
nating arsenic  consists  in  the  characteristic  smell  of  garlic  which 
is  emitted  when  it  is  heated.  The  taste  which  is  perceived  in 
some,  is  no  doubt  due  to  some  peculiar  character,  although,  in 
some  cases,  it  may  depend  upon  voltaic  action  set  up  by  the 
chemical  agency  of  the  saliva ;  the  metal  not  being  perfectly  pure. 
This  may  be  illustrated  on  a  largo  scale  by  the  weU-known  expe- 
riment of  placing  a  piece  of  zinc  on  the  tongue  and  a  piece  of 
silver  under  it,  and  then  joining  their  edges,  when  a  metallic  taste 
will  be  perceived,  dependent  on  slow  solution  of  the  sine  under 
electric  action. 

The  three  related  qualities  of  malleability,  ductility,  and  tena- 
city, differ  much  amongst  them.  A  metal  is  said  to  be  malleable 
when  it  admits  freely  of  the  extension  of  its  surface  in  aU  direc- 
tions, at  the  expense  of  the  thickness,  and  does  so  without  splitting 
out  at  the  extending  edges.  Ductility  signifies  the  capability  of 
being  drawn  out  into  rods  or  wires,  the  granular  particles  of  a 
metal  thus  elongating  into  fibres ;  and  tenacity  has  some  relation 
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to  the  latter,  and  indeed  to  both  qualities,  for  it  means  the  power 
of  resisting  rupture  upon  the  tension  of  a  bar  or  rod,  such  as  would 
be  exercised  in  order  to  draw  it  into  wire. 

It  might  be  imagined  that  the  properties  above  described  are 
BO  nearly  allied,  that  they  would  be  possessed  in  corresponding 
amount  by  any  metal.  But  it  is  by  no  means  so.  Gold,  for 
example,  is  the  most  perfectly  malleable  and  ductile  metal,  for  we 
may  take  a  small  button  of  gold  and  pass  it  over  and  over  again 
between  the  rollers  of  a  flatting-mill,  and  the  drawing  process 
would  go  on  until  stopped  only  by  the  imperfection  of  the  rollers  ; 
but  we  might  then  continue  by  hammering,  its  malleability  allow- 
ing of  its  being  extended  until  even  a  grain  would  cover  a  circle  of 
nearly  nine  inches  in  diameter.  But  gold,  in  tenacity,  or  the  pro- 
perty needed  for  drawing  it  into  wire,  stands  but  -seventh  in  the 
list  of  metals. 

Again,  iron,  firat  in  tenacity,  stands  ninth  only  in  malleability; 
nickel,  second  in  tenacity,  is  tenth  in  malleability ;  and  palladiimi, 
third  in  tenacity,  is,  nevertheless,  only  tenth  in  ductility. 

Crystalline  metals  never  possess  these  properties.  Thus 
bismuth  may  be  broken  up  under  even  slight  blows  of  a  hammer ; 
and  antimony,  or  arsenic,  may  be  powdered  in  a  mortar.  Again, 
brass,  which  has  been  drawn  into  wire,  will  frequently  after  a  year 
or  so  become  crystalline  in  texture,  by  slow  change  of  molecular 
arrangement,  when  it  will  also  be  found  to  have  become  perfectly 
brittle.  Also,  by  often  annealing  a  bar  of  silver,  or  heating  a  bar 
of  brass,  the  same  molecular  changes,  and  consequent  brittleness, 
ensues. 

The  extent  to  which  the  drawing  process  may  be  earned  in  a 
trulv  ductile  metal  or  alloy  is  only  limited  by  the  extreme 
tena&ity  to  which  the  wire  is  brought,  for  at  last  the  force  of 
tenacity  becomes  so  small  from  the  small  section  of  the  metal 
that  it  is  not  equal  to  resist  the  disruptive  force  of  the  power 
required  to  draw  it  yet  smaller. 

The  means  employed  for  drawing  wire  is  a  severe  test  of  the 
ductility  and  tenacity  of  a  metal,  which  in  the  operation  is  forcibly 
pulled  through  a  succession  of  holes,  decreasing  in  size,  and  made 
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in  a  hard  steel  plate.  It  ia  cBiried  on  upon  a  draw-beach  (Fig.  i ), 
wbich  is  a  table  fitted  with  a  conical  drum  (A),  revolwd  by  mn- 
chiueiy,  or  hj  a  winch  handle ;  this  is  itometimeb  furnished  with 
a  multiplying-wheel,  for  the  purpose  of  equalising  the  somewhat 
intermittent  motion  liable  to  be  produced  when  hand-drawing  ia 
employed,  and  this  is  further  provided  for  by  employing  a  fly- 
wheel also.  The  draw-plate  itself  (B)  is  a  fiat  plate  of  steel, 
having  a  series  of  conical  holes  in  it.  The  rod  of  metal  ia  passed 
in  at  the  larger  opening  on  the  one  side,  and  drawn  out  by  the 
smaller,  which  latter  is  carefully  adjuated  to  the  size  of  the  wire 
required.  As  drawn  it  is  wound  by  the  drum  from  the  reel  (C). 
The  plate-hol»  wear  rather  rapidly,  especially  in  the  ease  of 


drawing  the  harder  metals,  and  so  require  constant  attention  to 
keep  them  to  the  guage,  for  which  object,  when  they  become  en- 
larged, they  are  hammered  up  and  re-pierced ;  but  after  a  time 
the  plate  admits  of  this  no  longer,  and  has  then  to  be  renewed. 

The  workmen  are  often  paid  by  the  piece,  and  are  then 
expected  to  deliver  the  wire  of  correct  guage. 

Occasional  anuealing  is  practised  between  the  drawings,  and 
as  tlie  heat  used  more  or  less  oxidizes  the  surface  of  the  metal, 
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some  liquid  is  generally  employed  to  cleanse  it ;  this  also  serves 
to  lubricate  the  wire,  and  assist  its  passage  through  the  plate. 
Many  of  the  men  have  their  own  nostrums  for  this  purpose,  but 
sour  beer  is  in  very  general  use,  and  it  is  more  effective  when 
stale,  as  the  slight  acid  present  is  all-sufficient  to  act  upon  the 
metal,  and  clean  it. 

Steel  and  iron  wires  are  generally  dravm  red-hot,  and  passed 
forwards,  and  then  back  again  through  two  holes  ii^  the  plate, 
thus  saving  time,  as  well  as  too  often  reheating. 

Of  course  it  is  requisite  to  employ  the  best  qualities  of  metal, 
for  only  these  would  withstand  the  strain  needed ;  and  for  alloys 
like  brass,  *  virgin  metal'  is  used ;  that  is,  metal  cast  from  fresh 
copper  and  zinc.  It  is  cast  in  square  bars,  aboiit  2  ft.  long  and 
3  in.  by  -J^in.  section.  They  are  first  slit  up  into  squares  of 
about  -J^in.  on  each  side  by  a  circular  saw.  These  soon  draw 
to  a  circular  section,  and  a  good  hand  will  draw  them  to  an 
incredibly  fine  wire,  and  that  without  breaking.  The  wire  is 
wound  on  the  horizontal  iron  drum,  which  is  of  about  2  ft.  in 
diameter,  passing  through  the  plate  at  a  pretty  quick  speed,  and 
the  finer  the  wire  the  quicker  the  speed.  It  may  range  from 
about  80  to  300  or  more  feet  per  minute. 

The  author  has  two  specimens  of  exceedingly  fine  wire  in  his 
possession.  One  in  brass,  drawn  by  a  workman  at  the  Kingston 
Companies'  works  at  Birmingham,  seven  feet  of  which  weigh  only 
one  troy  grain.  Some  hundreds  of  feet  of  this  were  drawn  in  a 
continuous  length  for  the  Exhibition  of  1 862. 

The  other  is  a  platinum  wire,  drawn  by  Dr.  WoUaston's 
method,  six  feet  three  inches  of  which  weigh  one  grain ;  so  that 
taking  the  relative  specific  gravities  of  brass  and  of  platinum  into 
account,  it  will  be  seen  that  the  latter  wire  is  barely  three  times 
as  fine  as  the  brass,  although  drawn  by  the  compound  method  to 
be  described.  Indeed  the  brass  wire  is  infinitely  finer  than  the 
finest  hair. 

Dr.  Wollaston's  method  was  to  draw  a  platinum  or  gold  wire 
as  fine  as  he  could,  and  then  coat  it  with  silver,  to  the  extent  of 
enlarging  the  diameter  ten  times.     He  then  drew  this  compound 
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wire  down  as  before,  and  Eifter  this  removed  the  sUver  hy  solution 
in  nitric  acid,  thus  leaving  the  pUtiaum  or  gold  untouched, 
although  thus  reduced  in  size.  Iron  wirea  may  be  drawn  equally 
fine  by  eimilar  means,  but  the  silver  here  must  be  removed  by 
amalgamation  with  mercury,  wherein  it  will  diasolve,  leaving  the 
iron  intaoL 

The  late  Dr.  Matthiesen  showed  the  author  an  ingenious 
method  for  obtaining  rough  wires  of  met&U  diEGcult  to  draw  in 
the  ordinary  way.  He  melted  the  metal  in~  a  tobacco-pipe,  and 
then  Hucked  it  into  the  stem  carefHilly.  On  cooUng  and  breaking, 
a  wire  is  found  of  the  axe  of  the  stem-bore.  See  also  Jour.  Chem. 
Soo.  for  1867,  p.  202. 

There  are  several  conditions  which  may  materially  modify  the 
properties  of  malleabity,  ductility,  and  tenacity.  The  firet  is 
purity  of  a  metal,  and  that  to  a  very  close  degree,  for  a  metal 
containing  any  notable  amount  of  another  one  would  be  rather 
called  an  alloy.  But  mere  traces  of  another  metal  often  change 
a  malleable,  tenacious,  or  ductile  one,  destroying  these  properties 
to  a  greater  or  less  extent  It  has  been  stated  that  gold  is  the 
most  malleable  of  metals.  Now  if  a  small  trace  of  lead,  itself  a 
soft  metal,  be  fiised  with  it,  the  gold  becomes  as  brittle  as  glass, 
and  especially  if  the  gold  has  any  silver  also  with  it  And  this 
destruction  of  malleability  and  tenacity  is  yet  more  complete 
where  antimony  or  some  similar  metals  are  mixed  with  the  -gold  in 
very  minute  quantities. 

In  some  bars,  which  in  1856  were  referred  to  the  author  for 
examination  between  the  Bank  of  England  and  the  Mint,  he 
found  them  containing  mere  traces  of  antimony  and  of  tin  to- 
gether ;  and  by  these  associates  the  tenacity  was  so  completely 
destroyed  that  in  passing  the  fillets  of  similar  bars  alloyed  for 
coinage  through  the  Mint  draw-bench,  as  usual  to  equalise  their 
thickness,  they  pulled  to  pieces  with  a  fracture  much  such 
a  piece  of  hard  cheese  would  exhibit.  This  subject  will  be  re- 
ferred to  when  treating  of  the  metal  gold. 

The  great  facility  of  drawing  fine  wires  in  brass,  before  men- 
tioned, is  quite  hindered  by  a  very  small  admixture  of  lead,  and 
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one   to   two   per  cent   will  quite   spoil    brass   for  wire-drawing 
purposes. 

Next  to  piu*ity  comes  the  question  of  temperature,  which 
exercises  equal  influence.  Thus  zinc  remained  for  many  years  of 
little  use  in  itself,  its  alloys  being  alone  employed.  At  ordinary 
temperatures  it  was  exceedingly  hard  and  unmalleable ;  but  it 
was  then  found  that  if  heated  somewhat  above  200°  Fahr. 
(=  94°  Cent.)  up  to  250°  Fahr.  (or  121°  Cent.),  it  became  per- 
fectly malleable,  and  capable  of  being  rolled  into  very  thin  and 
imiform  sheets,  and  thence  it  has  come  very  largely  into  use. 
But  if  we  carry  up  the  temperature  to  400°  Fahr.  =  205® 
Cent,  it  is  again  made  quite  brittle,  so  that  it  may  be  powdered 
by  ordinary  means. 

Again,  aluminiimi,  magnesium,  and  some  other  metals  may 
be  drawn  into  wire  only  when  heated,  for  at  ordinary  temperatures 
they  are  quite  wanting  in  ductility.  Brass,  on  the  other  hand, 
which  is  soft,  tenacious,  and  ductile  at  ordinary  temperatures, 
will  be  rendered  quite  brittle  by  heating  to  dull  redness.  But  in 
this  and  many  similar  cases  there  is  much  alteration  of  molecular 
structure  under  the  influence  of  heat. 

Metals  in  general  have  their  tenacity  diminished  by  heating ; 
there  are  exceptions  to  this  however,  as  is  the  case  with  iron, 
steel,  and  gold.  But  they  frequently  have  •  their  ductility  in- 
creased. The  comparative  tenacity  of  metals  is  determined  by 
employing  wires  of  exactly  similar  dimensions,  and  estimating 
the  weight  they  will  support  without  breaking ;  but  care  is  re- 
quisite in  the  application  of  the  strain  of  the  weight,  for  if  too 
gradually  applied,  a  force  insufficient  to  break  the  wire  may  in  a 
ductile  metal  flrst  so  stretch  it  as  to  diminish  the  diameter  to  the 
degree  at  which  a  smaller  weight  than  that  required  to  rupture 
the  original  wire,  will  however  effect  it  in  its  reduced  diame- 
ter. 

A  malleable  metal  will  by  laminating  have  its  character 
gradually  destroyed,  for  its  particles  then  become  compressed  and 
put  into  a  constrained  condition.  But  where  this  happens,  an- 
nealing, by  heating  up  and  cooling  slowly,  will  generally  restore 
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the  original  condition  of  particlea,  and  render  it  again  as  malleable 
as  before. 

The  following  table  showa  the  relative  order  of  aome  of  the 
more  commoQ  metals,  in  which  they  poaaess  the  three  qiialitiea, 
taking  them  in  the  order  of  the  numbers  placed  against  each  : — 

Metals',  Slslleiibili'y.         Ductiliiy.  Tenacity. 

Gold  I  I  6 

Copper  3  $  3 

Platinum  43  + 

Palladium  567 

Iron  6  4,1 

Aluminium  7  9  -s.  / 

Tin  8  ti  9 

Zino  9  10  8 

Lead  10  12  11 

Cadmium  11  7  10 

Nickel  II  8  '^•\ 

A  metal  which  may  be  cut  cleanly  through,  or  of  which  a 
strip  on  being  bent  eibibits  no  elasticity,  would  be  called  a  soft 
metal.  They  vary  much  in  hardness,  but  are  not  generally  veiy 
hard  when  pure.  As  ejtamplea  of  difference  in  this  property, 
mercury  ia  fluid ;  potoasium  cuts  like  wax ;  lead  is  readily 
scratched,  even  by  the  finger-nail ;  gold  is  freely  cut  by  an  or 
dinary  pair  of  scissors ;  while  some  few  are  even  harder  than  ateel. 
But  the  relative  properties  of  hardness  and  softneaB  are  much 
controUed,  even  in  the  aame  metal,  by  change  of  temperature, 
and  also  by  small  traces  of  foreign  matter.  Iron-wire,  for  ex- 
ample, when  p»ire,  is  very  flexible  and  seotile ;  but  iron  associated 
with  even  one  per  cent  of  carbon,  as  in  steel,  is  thereby  rendered 
very  hard  and  elastic. 

The  hardness  of  a  metal  may  in  moat  cases  be  iucreased  by 
hammering,  and  thereby  condensing  the  particlce,  also  by  heating 
and  then  suddenly  cooling  it ;  while,  on  the  other  hand,  a  har- 
dened metal  may  be  rendered  softer  by  directly  opposite  treat- 
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ment,  viz.  by  heating  and  cooling  down  very  gradually;  this 
annealing  action,  as  it  is  called,  being  in  most  cases  slight  separa- 
tion of  the  metallic  particles  by  heat. 

A  metal  is  said  to  be  elastic  when  on  flexion  it  readily  recovers 
its  previous  form.  Steel  is  most  perfectly  so ;  in  lead  the  pro- 
perty is  entirely  absent.  Alloying  will  often  confer  elasticity 
upon  a  non-elastic  metal  to  a  large  extent. 

All  metals  may  be  rendered  fluid  3  but  the  degree  of  heat 
requisite  for  this  varies  very  much.  Thus,  mercury  fuses  at  39° 
below  zero,  and  hence  is  always  fluid,  at  ordinary  temperatiures. 
Iron,  on  the  other  hand,  is  only  fused  at  the  highest  he^t  of  a 
good  wind  Aimace,  and  some  of  the  associate  metals  of  platinimi 
are  scarcely  fusible  by  the  oxyhydrogen  blow-pipe,  or  by  voltaic 
electricity. 

Table  of  Fusing  Points  of  some  principal  Metals. 


Fahr.        Cent. 

Fahr.         Cent. 

Mercury 

0             0 
-    39  =    39'5 

Zinc 

0               0 
773   =    41^ 

Potassium 

+  144  =    62 

Antimony 

1 150  =    621 

Sodium 

208  =    97*8 

Silver 

1873   =  '023 

Tin 

442  -=  22S 

Copper 

1996  =1091 

Cadmium 

442  =  228 

Gold 

2016  =  1 102 

Bismuth 

507  =  264 

Cast-iron 

2786   =  1530 

Lead 

617  =325 

Malleable-iron 

undetermined 

The  metals  are  the  best  conductors  of  heat  amongst  the  solid 
bodies ;  but  some  transmit  it  much  more  readily  than  others.  In 
comparing  them,  purity  of  the  metal  must  be  considered  as  it  has 
much  influence,  and  a  small  quantity  of  an  alloying  metal  much 
diminishes  the  power  of  conduction.  This  fact  may  account  for 
the  differences  in  conducting  power,  shown  between  the  nimibers 
given  by  older  experimenters  and  those  of  our  own  day.  For 
example  :  Calvert  and  Johnson  make  silver  the  best  conductor, 
and  calling  its  power  1000,  state  gold  to  conduct  with  a  power 
equal  to  981 ;  and  then  show  how,  by  alloying  the  latter  down  to 
•991,  with  silver,  its  conducting  power  is  reduced  to  840. 
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mht  Principal  HetaU. 

1.  Silyer, 

6.  Iron, 

z.  Gold, 

7.  Tin, 

3.  Copper. 

8.  Platinum, 

4.  Aliuuiaiiim, 

9.  Lead. 

S.  Zinc. 

Metala  conduct  electridtj,  and  this  power  is  made  extensively 
useful  in  the  mmj  thouaand  milea  of  metallic  wires  employed  for 
the  purpose  of  carrying  electric  currents  over  Europe  and  other 
quarters  of  the  globe  for  telegraphic  purposes.  Davy,  Becquerel, 
and  others,  have,  at  different  times,  estimated  their  power  of  con- 
duction ;  and  the  late  Dr.  Matthiesea  woa  actively  eiperimenting 
upon  the  electric  conductivity  of  metals.  Amougst  his  results  are 
the  facts  that  impurity  of  a  metal  or  aUoying  it  greatly  diminishes 
its  conducting  power.  Rise  of  temperature  again  has  the  same 
effect.  Thus  hotween  31°  F.  and  ziz°  or  (o  C.  and  100^)  great 
diminution  takes  place,  and  that  not  uniformly,  as  some  lose  it 
much  more  in  proportion  than  others,  by  thus  raising  the  tempe- 
rature. Many  lose  as  much  as  twenty-five  per  cent  of  their  con- 
ducting power  at  the  lower  degree. 

If  the  connexion  between  the  poles  of  a  voltaic  battery  be 
made  by  a  wire,  the  current,  by  this  conduction,  will  pass  freely ; 
but  if  such  wire  be  too  small  for  the  quantity  of  electricity  which 
has  to  pass  through  it,  the  impediment  thus  offered  will  be  evinced 
l:^  the  wire  becoming  red-hot.  Hence,  we  have  a  means  of  deter- 
mining roughly  the  relative  conducting  power  of  metals,  by 
employing  the  same  battery  power  upon  small,  equalized  wires' 
of  each,  and  then  observing  bow  long  a  portion  can  thus  be 
heated. 

On  the  other  hand,  a  wire  may  thus  be  made  to  indicate  the 
quantity  of  electricity  traversing  a  battery  by  the  length  the 
battery  will  be  capable  of  rendering  incandescent.  A  striking 
way  of  showing  the  difference  between  two  metals  in  this  power 
couaists  in  making  a  compound  wire  of  some  six  inches  long,  com- 
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posed  of  alternate  short  lengths  of  platinum  and  silver ;  this,  with 
»  properly  proportioned  battery  power,  will  show,  while  the  current 
i»  passing,  alternate  red-liot  platinum  links,  with  cool  silver  ones  ; 
the  platinum  being  the  worse  conductor,  offers  such  a  oheck  to 
the  free  pasBoge  of  the  electric  current  that  it  becomes  red  hot, 
while  the  good  conducting  power  of  the  silver  allows  of  its  free 
transmission.  Matthiesen  also  shows  that  the  conducting  power 
is  greatly  altered  iu  hard  drawn  wires  of  pure  metals,  when  the 
same  arc  annealed. 

Ordfr  of  Eledrical  Conducting  Povar. 
I.  Silver        ss  looo  6.  Iron         =  i68 

1.  Copper      =    999  7.  Tin  =  123 

3.  Gold         =    777  8.  Lead       =    8j 

4.  Zinc         =    290  9.  Bismnth  =    12 

5.  Platinums     180 

The  term  '  Bpoci6c  gravity  '  ia  synonymous  with  density,  and 
the  densest  bodies  in  nature  are  found  amongst  the  class  Metals ; 
and  inasmuch  as  they  differ  very  much  amongst  themselves  in 
density,  we  may  often  identify  a  metal  by  ascertaining  its  specific 
gravity.  Fur  example,  tin,  silver,  and  platinum,  are  each  white 
metals,  and  thus  in  external  appearance  resemble  each  other  very 
closely.  But  tin  has  a  gravity  of  7'Z9Z,  silver  of  lO'jj,  and 
platinum  of  2i'53,  hence  the  specific  gravity  would  at  once  to  a 
certain  eitent  distinguish  between  the  three. 

The  specific  gravity  of  a  body  may  be  defined  to  be  the  weight 
of  an  accurate  bulk,  of  such  body  as  compared  with  the  same  bulk 
of  another ;  the  latter  being  some  fit  one  chosen  as  a  standard  to 
which  all  other  soUds  and  fluids  are  so  compared  For  this  pur- 
pose pure  water  is  employed,  and  of  a  fixed  temperature,  viz., 
60°  Fahr.  (=  155°  Cent.).  Water  has  been  adopted  for  the 
following  reasons  :  first,  it  is  always  to  be  had ;  secondly,  it  is 
uniform  in  composition ;  and,  lastly,  possesses  certain  available 
qualities  which  will  be  seen  to  be  essential.  Water  tbeA  is  called 
unity,  or  i-ooo. 
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Now,  auppoee  we  have  a  fragment  of  metal,  and  desire  to  know 
its  apecificgrarity,  the  following  in  the  proceeding :  first,  weigh 
the  mass  accurately  iu  a  delicate  balauce,  and  note  the  weight ; 
next  place  under  the  same  arm  of  the  balance  a  glass  of  distilled 
water  at  60°  temperature ;  and  from  a  small  hook,  which  ia  geue- 
rallf  placed  below  the  short  hung  pan,  furuished  to  balances 
adapted  to  this  operation,  hang  the  metal  by  a  fine  horsehair,  and 
allowing  it  to  dip  below  the  surface  of  the  water,  so  as  to  be 


comi^etely  immersed;  again  weigh.  It  will  now  be  found  to 
weigh  leas  than  in  air,  and  the  difference  between  the  two  weigli- 
ings  will  be  exactly  the  weight  of  the  bulk  of  water  displaced  by 
the  Bolid ;  in  fact,  we  have  acoompUshed  the  apparently  impoasible 
task  of  weiring  a  bulk  of  water  mathematically  equal  to  the 
bulk  of  the  irregularly  shaped  piece. of  metal  Care  must  be  taken 
that  no  air-bubbles  are  adherent  to  the  specimen  cr  to  its  suspend- 
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ing  hair  which  would  of  course  give  it  a  faAae  buoyancy  in  the 
water. 

Now  having  obtained  these  two  terms,  viz.,  the  weight  of  the 
metal  and  the  weight  of  an  equal  bulk  of  water,  it  only  remains 
to  work  out  a  question  of  proportion  thus  stated.  As  the  weight 
of  the  bulk  of  water  is  to  the  specific  gravity  of  water,  so  is  the 
weight  of  the  metal  to  its  specific  gravity.  And,  further,  as  the 
middle  term  here  is  unity,  it  simplifies  the  question  into  dividing 
the  weight  of  the  metal  by  the  weight  of  water. 

But  giving  an  example  will  at  once  render  this  plain.  Having 
a  small  fragment  of  metal  to  operate  on,  I  weigh  it,  and  find  its 
weight  is  9271  grains;  then  on  suspending  it  in  water,  its  weight 
is  reduced  to  80*01  grains;  thus  the  loss,  or  127  grains,  is  the 
weight  of  the  water  displaced.  Then  the  following  calculation 
gives  the  specific  gravity  required  — 

Weight  Sp.  Grav.  Weight  Sp.  Grav. 

of  Water.  of  Water.  of  Metal.  Required. 

As  127         :         I '000        ::         9271  :         7*3 

But  it  is  frequently  required  to  obtain  the  specific  gravity  of 
bodies,  which  being  in  fragments,  we  are  unable  thus  to  suspend 
to  the  pan  of  a  balance,  but  we  may  in  such  a  case  get  the  same 
data  by  employing  a  specific-gravity  bottle,  such  as  is  commonly 
used  for  fluids ;  where,  of  course,  accurate  comparative  bulks 
are  easily  obtained  by  filling  such  a  bottle,  and  weighing,  thus 
doing  away  with  the  need  of  any  calculation.  Now  as  the  bottles 
ordinarily  sold  are  often  not  very  well  constructed  for  their  purpose, 
I  will  describe  a  good  form ;  when  the  reader  may  notice  one  or 
two  points  upon  which  their  efficiency  much  depends. 

A  bottle  is  blown  of  glass,  and  for  the  purpose  of  experiments 
on  solids  it  should  not  be  too  thin,  for  a  balance  may  be  employed 
in  these  cases  capable  of  carrying  some  2000  grains  in  each  pan. 
It  is  best  of  a  pear  shape,  and  may  be  made  to  contain  any 
quantity,  as,  for  example,  250,  500,  or  1000  grains,  but  the  latter 
is  the  capacity  most  suitable  to  our  purpose.  Its  neck  should  be 
large,  viz.,  of  about  half  an  inch  internal  diameter,  and  fitted  with 
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a  stopper  formed  out  of  a  piece  of  capillary  tube,  the  upper  and 
lower  enda  of  this  stopper  beiug  cupped  out  as  lu  the  drawing ; 
the  lower  cup  prevents  any  air  being  retained 
between  the  upper  surface  of  the  water  and 
the  stopper,*  which  is  apt  to  be  the  case 
when  it  is  not  so  hollowed.  The  upper  cup 
retains  any  of  the  water  which  may  escape 
by  eipanaioa  ;  for  as  the  complete  fulness  of 
the  bottle  is  ensured  by  putting  in  the  stopper 
when  the  water  is  quite  at  the  top  of  the 
neck,  the  excess  is  squeezed  out  on  stopper- 
ing, and  BO  overflowing,  the  outside  of  the 
bottle  requires  careful  wiping,  during  which 
operation  the  temperature  will  in  all  probabi 
lity  be  raised.  Here  then,  the  upper  cup 
oomes  into  use  to  retain  the  fluid  forced  out 
by  this  expansion. 

The  adjustment  is  performed  by  the  maker,  who  grinds  in  the 
stopper  to  a  point  where,  at  a  given  temperature,  exactly  looo 
grains  will  be  contained.  But  as  this  is  an  operation  requinng 
much  care  and  time,  it  should  always  be  verified  before  first  usiug 
it.  Lastly,  it  should  be  supplied  with  a  counterpoise  weight,  cor- 
re^ionding  exactly  to  the  weight  of  the  bottle,  plus  looo  grains 
of  distilled  water,  or  such  other  weight  as  it  has  been  made  to 
contain. 

Now  to  take  an  example  of  the  application  of  such  a  bottle  to 
our  purpose,  let  us  suppose  it  ia  desired  to  obtain  the  specific 
gravity  of  a  form  of  silver  amalgam,  which  is  in  loose  grains. 
The  bottle  is  first  filled  with  water  (previously  brought  aa  near  as 
possible  to  60°  Fahr.),  the  temperature  is  then  accurately  adjusted 
by  putting  in  a  fine  cylinder  thermometer  and  stirriog  the  fluid 
with  its  stem  (an  operation  easy  of  performance  from  the  width 
of  the  neok  of  the  bottle),  till  correct,  then,  after  warming  up  by 


Fig   3 
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n  veBHel  of  hot  water,  or  cooling  down  as  may  be  needful,  the 
stopper  is  put  in  ao  as  to  retain  its  exact  quantity  of  water. 

Next,  n  carefully  weighed  portion  of  the  amalgam  is  put  into 
the  bottle,  and  the  stopper  again  inserted ;  after  which  the  over- 
flow water,  caused  by  this  introduction,  is  quickly  and  well  wiped 
off.  It  then  haa  to  be  weighed  against  its  counterpoise,  having 
first  verified  its  temperature,  and 
it  will  of  conrae  be  found  that 
weights  have  to  be  added  beyond 
the  counterpoise,  but  less  than 
the  weight  of  metal  put  m  by 
juat  the  weight  of  water  displaced 
from  It 

The  difference  between  the 
present  added  weight  and  the 
previous  one  of  the  amalgam  will 
of  course  give  the  weight  of  the 
bulk  of  water  equivalent  to  that 
of  the  body  under  examination 
Lastly  the  remammg  steps  of  the 
operation  are  precisely  the  same 
OS  in  the  one  first  described 

In  both  of  the  operationa  de 
tailed  It  is  necessary  to  employ  a 
balance  but  this  instrument  may 
be  dispensed  with,  by  the  em 
ployment  of  the  gravimeter  for 
the  purpose  of  obtaining  these 
reighinga. 

The  gravimeter  (a  modifica 
'  tion  of  Nicholsons  hydrometer) 
oonsista  essentially  of  a  hollow 
ball  capable  of  floating  in  water, 
and  furnished  with  a  lower  and  upper  stem,  the  latter  being  formed 
of  a  slender  wire  having  a  zero-line  marked  upon  it.  If  made  as 
free  as  possible  from  scurcee  of  error,  it  should  be  of  a  bulk  which, 
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itmuerfied  in  water  at  60°  up  to  this  Htem-line,  would  displace  ex 
actly  1 000  grains  of  that  fluid;  while  the  actual  weight  of  the 
instrumeat  should  be  700  grains,  consequently,  to  sink  it  io  water 
to  the  stem-mark,  it  would  be  requisite  to  put  weights  amounting 
to  joo  grains  iuto  the*  upper  disb.  It  is  evidcut,  then,  that  we 
have  here  the  meana  of  actually  weighing  any  substance  amount- 
ing to  not  more  than  300  grains  in  weight,  by  putting  it  into  the 
upper  dish,  and  adding  weights  till  the  instrument  is  brought  dowu 
to  its  zero-mark,  when,  by  deducting  their  amount  from  the  300 
graiife  requisite  so  to  sink  it,  the  weight  of  the  solid  is  obtained. 

But  let  us  work  out  the  first  example  given  by  means  of  the 
gravimeter.  Suppose  the  portion  of  metal  mentioned  at  page  zo 
be  taken  :  let  it  be  placed  in  the  upper  dish,  and  the  instrument 
then  be  floated  in  a  capacious  glass  vessel  of  distilled  water  at 
6o°Fahr,,  as  shown  in  the  drawing.  It  will  then  Jra  found  that, 
in  order  to  sink  the  gravimetcr  to  zero,  weights  to  the  amount 
of  207-29  grains  must  be  added.  Now  this,  deducted  from 
300  =  9171,  the  weight  found  before  by  the  balance.  The  mass 
of  metal  is  then  removed,  placed  in  the  lower  dish,  and  the 
instrument  immersed  ea  before,  when  a  second  addition  of  weights 
will  be  required,  viz.  of  ii'7  grains:  this,  then,  is  the  weight  of 
water  diaploeed.  And,  lastly,  having  obtained  these  terms,  it  only 
remains  to  calculate  the  result,  as  in  the  former  operation. 

In  using  this  instrument,  again  it  ia  necessary  to  be  very 
careful  that  no  air-bubbles  adhere  to  any  part  of  it  under  water, 
as  they  are  rather  apt  to  do.  Tlie  larger  weights  used  should  be 
dish-ahaped. 

The  temperature  60°  Fahr.  (=  ij^'S  Cent.)  is  now  almost 
imiTersally  employed  as  the  standard  temperature  at  which  all 
specific  gravity  should  be  token ;  and  when  it  ia  remembered  that 
all  bodies  expand  by  heat,  and  that  in  greater  proportion  as  their 
density  decreases,  it  will  be  evident  that  much  care  is  required  to 
ensure  accuracy  in  the  temperature  of  the  water,  as  a  given  bulk 
will  weigh  considerably  less  if  we  raise  its  temperature  even  but  a 


The  metals  have  been  divided,  dependent  ou  their  specific 
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gmvitisB,  into  two  classee,  viz.  heavy  and  light.  Those  have  been 
designated  heavy  which  have  specifia  gravities  ranging  from  5*3  to 
21-5  :  while,  on  the  other  hand,  the  specific  gravities  of  those 
ranging  from  0*59}  to  5*0  have  given  them  the  title  of  light 
metals. 

The  specific  gravities  of  the  principal  metals  are  here  given, 
but  it  must  bo  remembered  that  those  are  subject  to  varia- 
tion, dependent  upon  the  mechanical  condition  of  ^e  metal ; 
and  as  an  extreme  example  of  the  effect  of  mcdecul&r  condition 
may  be  ^ven  Dr.  Wollaston's  estimates  of  platinum  under  its 
vaiious  stages  of  manufacture  : — 

Cake  Platinum,  when  from  the  press  .         .         .       lo'o  S.  G. 
Platinum  after  contraction  by  heat,  bat  before 


After  foiging,  when  ready  for  manufacture 
After  drawing  into  wire    .... 


Sptcific  Gravities  of  tome  of  the  Principal  MelaU. 


Platinum 

31-53 

Nickel   . 

8-81 

Gold 

Mercury  . 
Palladium 

'934 
1359 
11-80 

Iron 
Tin 
Zinc 

7-844 
7-192 
7-1,6 

Lead 
Silver 

"•35 
I0S3 

Antunony 
Aluminium     . 

6-71 
2-6o 

Bismuth  . 
Copper    .        . 
Cadmium 

980 
8-93 
8-69 

Magnesium     . 

Sodium. 

Potassium 

•■74) 
0-97! 
0-86; 

Cobalt     . 

8-9S 

Lithium 

0-S9) 

It  has  just  now  been  stated  that  some  clue  may  often  be 
obtained  to  the  composition  of  an  alloy  by  taking  its  specific 
gravity ;  and  although,  in  many  cases,  mixtures  of  metals  of 
different  densities  may  give  a  mean  specific  gravity  varying  juat 
in  proportion  as  the  lighter  or  heavier  component  predominates, 
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jet  the  taw  does  not  universally  hold  good ;  for,  in  some  coees, 
where  we  fiise  metals  togeUier,  we  get  expaoBioD  of  tho  alloy. 
Mid  in  others  contraction. 

In  the  first  case,  therefore,  the  specific  gravity  shown  would 
be  lower  than  the  true  one,  while  in  the  latter  a  greater  specific 
gravity  than  correct  would  be  indicated. 

In  such  oases,  of  couree,  the  specific  gravity  would  mislead  as  to 
true  composition ;  but  there  are  many  where  we  may  make  use 
of  it  as  an  approximation  to  composition  :  as,  for  example,  in 
misturea  of  gold  and  silver,  or  gold,  silver,  and  copper, — tho  uBual 
conatituentA  of  gold  coin  and  plate.  Suppose  such  a  mixture  be 
examined,  and  the  specific  gravity  found  to  be  about  i8'5  :  with 
the  previous  knowledge  that  standard  gold  consists  of  zi  parts  of 
pure  gold  combined  with  2  parts  of  alloy,  and,  further,  that  the 
specific  gravities  of  gold,  silver,  and  copper  are  I9'34,  lO'Sj,  and 
8*93  respectively,  we  should,  by  a  simple  calculation,  discover  that 
the  alloy  was  standard  gold :  or,  similarly,  if  it  was  found  to  be 
only  about  16-8,  we  should  know  that  it  was  1  S-carat  gold ;  that 
is,  gold  containing  18  parts  of  pure  gold,  with  6  parts  of  alloy. 
But,  of  course,  such  estimates  can  only  be  used  aa  mere  approxi- 
matjons  to  composition,  and  must  be  taken  in  connexion  with 
other  physical  appearances  influencing  the  judgment  of  the  opera- 
tor in  such  cases. 

We  may,  in  conclusion,  take  the  case  of  gold  associated  with 
quarto,  as  it  usually  ia  in  the  mine.  Here,  as  quartz  has  a  specific 
gravity  of  not  more  than  2-6  to  3-0,  while  gold  has  that  of  19*34, 
a  ^r  rough  estimate  maybe  made  of  the  amount  of  gold  contained 
in  any  such  sample  by  the  specific  gravity  it  gives." 

It  must  be  clearly  understood,  however,  that  in  calculating  the 
specific  gravity  of  a  mixture  of  two  metals,  we  must  not  calculate 
from  the  relative  proportional  weight  of  each  component,  but  from 
the  relative    volumes   of  each.      Matthiesent  has    shown    (his, 

•  FbillipB'  Mining  and  MttalWrgg  of  Gold  and  Sdvrr,  p.  136,  gi»e8  n  table 
■howiDg  tho  proportioDate  <reight  of  gold  in  •  mtaa  of  tuiiferoaa  quirtz  of 
known  (pedflc  graTitj. 

t  QuttTttrlg  Jmnial  ifflhi  Chaiiieal  Bocitlf,  Tol.  11.  p.  106. 
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and  gives  a  very  marked  example  in  proof  of  it,  choosing  for 
illustration  an  alloy  of  equal  parts  of  platinum  and  of  alu- 
minium, as  being  widely  separated  in  their  specific  gravities. 
Calculating  the  specific  gravity  firom  the  mean  of  equal  quantities 
of  the  twc^  taking  platinum  at  21*53,  and  aluminium  at  2*6,  we 
should  assume  that  of  the  alloy  to  be  12  06.  But  as  i  part  of 
platinum  displaces  0*047  of  water,  and  i  part  of  aluminium  04 
of  the  same,  and  assuming  that  no  expansion  or  contraction  takes 
place  in  alloying  the  two,  *  we  may  look  on  such  an  alloy,  when 
taking  its  specific  gravity,  as  if  the  two  metals  were  hung  side  by 
side  in  the  water.  If,  therefore,  the  theoretical  specific  gravity  of 
the  alloy  be  required,  it  will  be  the  weight  of  the  two  metals 

2 

divided  by  the  quantity  of  water  displaced  by  them,  or  -; ; 

=  4*46,  the  true  specific  gravity.'     Actually  4*47 4. 

The  metals  arc  found  in  nature  often  in  the  metallic  state,  but 
more  frequently  in  combination  with  some  simple  non-metallic 
element,  or  in  the  more  complex  condition  of  salts.  Of  native 
metals,  the  chief  are  the  noble,  their  low  affinities  for  oxygen,  &c. 
rendering  them  more  free  thus  to  exist  in  the  metallic  condition. 
But  these  are  always  associated  with  certain  others  of  the  same 
class  :  thus,  silver  is  never  found  free  from  gold,  although  often  in 
very  small  quantity  or  proportion ;  then  gold  has  always  more  or 
less  silver  with  it  Again,  native  gold  often  contains  platinum, 
with  some  of  its  associate  metals;  while  platinum  itself  is  always 
alloyed  with  palladiiun  and  the  other  'platinum  metals.' 

The  class  of  base  metals,  from  their  powerful  aflfinity  for  non- 
metaUic  elements,  are  nearly  always  combined  with  one  of  the 
latter,  and  more  commonly  with  oxygen  or  sulphur;  less  fre- 
quently with  chlorine,  and  still  less  with  iodine  or  bromine.  And, 
lastly,  sume  of  this  class  are  found  as  salts ;  as  silicates,  carbonates, 
sulphates,  phosphates,  &c. 

Among  the  noble  metals,  however,  mercury  and  also  silver  are 
very  largely  found,  in  combination  with  sulphur ;  then,  on  the 
other  hand,  some  ores  of  base  metals — as  galena,  for  example — 
are  found  containing  silver,  and  with  the  latter  traces  also  of  gold. 
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Deposits  of  tnetallio  ores  are  always  found  in  certain  geological 
positions  only,  and  are  not  distributed  indiscnmiuately  upon  tlie 
earth's  surface :  hence,  if  we  know  the  geological  character  of  a 
district,  we  may  generally  safely  proaoimce  upon  the  presence  or 
absence  of  particular  metallic  deposits. 

Metallic  deposits  are  found  generally  in  the  localities  of  granite 
rocks,  and  those  of  porphyry  and  clay-slate,  and  the  older  igneous 


onee,  but  most  abundantly  in  sedimentary  rocks,  or  in  places  where 
these  two  clnssea  come  together. 

The  cavities  wherein  metals  are  found  are  termed  mines.  These 
may  be  either  surface  excavations,  as  in  some  of  the  shallow  gold 
diggings  or  stream  tin  mines  ;  or  they  may  be  deep  cavities, 
extending  often  to  so  great  depths  as  to  require  extensive  mecha- 
nical arrangements  for  drawing  the  ores  to  the  surface,  and  also 
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for  freeing  the  workings  from  the  influx  of  water,  which,  if  not 
constantly  removed,  would  collect  in  such  quantity  as  put  to  a  stop 
to  all  mining  operations.  Sometimes  the  deep  excavations  may 
be  so  made  into  hills  that  the  water  is  readily  carried  away  into 
the  adjacent  valleys  by  what  are  termed  adit  levels  (D  fig.  5),  these 
levels  or  drains  being  in  such  situations,  even  of  some  miles  in 
length,  whereby  the  water  may  be  carried  quite  clear  of  the  work- 
ings so  as  to  flow  away.  But  when  a  mine  is  carried  much  below 
the  level  of  adjacent  valleys  the  water  is  then  pumped  up  by  ma- 
chinery, and  delivered  into  the  nearest  adit  level,  having  been  pre- 
viously collected  in  a  hole  situated  in  the  lowest  part  of  the  shaft, 
and  termed  the  '  sump.' 

Metallic  ores  are  conunonly  found  in  veins  or  lodes,  those  tra- 
verse the  earth's  depths,  passing  down  at  more  or  less  inclination 
to  its  surface.  They  occasionally  open  out  into  large  cavities 
full  of  rich  ore,  these  are  termed  by  the  miners  'bunches.'  In 
these  veins  the  ore  is  always  associated  with  stony  matters  called 
gangue  or  vein-stone.  Copper,  lead,  zinc,  silver,  and  sometimes 
gold  and  some  others,  are  thus  found.  Some  ores  lie  in  beds,  as 
iron-stone  for  example,  and  these  beds  of  ore  are  often  interposed 
between  other  layers  of  more  or  less  value. 

In  the  case  of  our  iron-stone  the  adjacent  beds  are  composed 
of  coal,  and  also  of  limestone ;  both  indispensable  materials  in 
the  smelting  of  the  ore  itself. 

Some  ores  are  foimd  as  fragmentary  deposits  associated  with 
sand  or  gravel,  or  like  materials,  which  with  the  metal  has  been 
washed  down  from  the  mountainous  districts  and  thus  deposited 
in  valleys  or  the  beds  of  streams.  In  these  the  metallic  matters 
are  pretty  much  collected  together,  assisted  in  this  by  their 
greater  specific  gravity  bringing  them  to  rest  before  the  lighter 
sand  or  stony  matters.  Gold  and  tin  are  thus  found ;  and  bog- 
iron  ore  may  be  classed  with  these  fragmeutary  ores. 

A  tolerably  correct  judgment  having  been  formed  as  to  the  pre- 
sence, situation,  and  direction  of  a  lode  of  ore,  the  first  step  for 
realising  it  is  to  sink  a  perpendicular  main  shaft  (A  fig.  5)  to  the 
depth  necessary  to  enter  the  lode,  which  entry  is  generally  calcu- 
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lated  for  Rt  about  forty  bthoms  depth.  The  ore  ia  then  followed 
by  carrying  out  gRlIeries  (B  fig.  6)  right  Rod  left  in  the  direction 
of  ita  'strike,'  Rnd  these  Rre  wOTked  for  it  until  the  extremity  of 
the  lode  ia  reached.  But  as  the  lode  '  dips,'  or  takes  an  angular 
direction  crossed  by  the  perpendicular .  abaft  sunk,  cross-cuts  (C 
^.  5)  are  made  at  about  every  ten  fathoms,  both  above  and  also 
below  the  first  working  point.  The  cross-cuts  being  carried  forward 


Fig.  6. 


into  the  lode,  when  galleries  are  again  CRrried  right  and  left,  as 
before,  at  right  sngles  to  these  cross-cuts. 

But  as  tbese  workings  extend  it  becomes  needful  to  have  more 
oonoecting  cuts,  not  only  to  facilitate  the  working  and  removal  of 
the  ore,  but  also  to  assist  in  ventilation,  which  becomes  defective 
juBt  in  proportion  as  the  works  increase  in  extent  Therefore  a 
fresh  set  of  perpendioular  openings  are  formed  connecting  the 
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galleries  of  dififereiit  levels.  These  winzes,  as  they  are  termed  (D 
fig-  6))  ^1*6  sometimes  sunk  down  from  an  upper  to  a  lower  gallery, 
or  they  may  be  driven  upwards  from  a  lower  to  an  upper  through 
the  substance  of  the  lode. 

Such  is  in  brief  the  working  of  a  mine  in  its  early  and  simple 
condition ;  but,  of  course,  in  time,  as  the  workings  become  more 
and  more  extensive,  additional  shafts  become  necessary,  together 
with  increased  means  of  draining  and  ventilation ;  improvement 
in  the  latter  becoming  imperative  by  the  blasting  operations, 
which  further  tend  largely  to  vitiate  the  air,  for  although  the 
miner  detaches  the  ore  chiefly  by  means  of  his  pick,  or  by  a  ham- 
mer and  wedges,  he  also,  for  detaching  larger  masses,  employs 
gunpowder  or  gun-cotton,  and  by  thus  blasting  at  proper  points  can 
much  facilitate  his  operations. 

The  large  cavities  formed  by  the  constant  removal  of  the  ore, 
are  kept  open  by  erecting  strong  timber  supports,  which  become 
absolutely  needful  to  prevent  collapse  and  fallmg  in  of  the 
galleries. 

The  detached  and  broken-up  ore  is  removed  to  the  main 
shaft  in  trucks  or  barrows,  and  thence  to  the  surface  in  large 
iron  buckets  called  'kibbles,'  the  raising  rope  or  chain  being 
wound  upon  a  drum  or  '  whim'  by  machinery  placed  at  the  shaft 
mouth  for  the  purpose. 

The  depth  of  some  mines  is  very  great,  thus  some  of  the 
Mexican  silver  mines  are  sunk  to  near  350  fathoms,  and  conse- 
quently with  very  large  shafts,  that  of  the  Ray  as  mine  is  full  30 
feet  diameter  at  its  outlet. 

In  Cornwall  some  of  the  mines  have  their  shafts  passing  down 
close  to  the  range  of  the  cliffs,  to  a  depth  of  about  250  fathoms, 
and  the  ore  taking  a  seaward  direction,  the  galleries  pass  actually 
under  the  sea-bed  for  long  distances ;  their  roofs  being  formed  of 
rocks  and  sometimes  dipping  so  close  to  these  galleries  as  to  leave 
so  thin  roofs,  that  at  times  the  sound  of  the  sea  above  is  audible 
to  those  in  the  workings. 

On  taking  a  mass  of  any  ordinary  ore  in  the  hand  it  will  be 
seen  to  be  more  or  less  mixed  up  with  gangue  in  the  form  of  earthy 


OEKEOAL  PROPERTIES  OF  THE  UETAU.  31 

matters,  quartz,  &c.,  the  latter  or  some  analogous  material  con- 
Btituting  the  veia-stone  of  the  miue.  Hence  before  smelting, 
some  operations  are  needed  iu  order  aa  much  as  possible  to  get 
rid  of  bodies  which  would  occasion  hindrance  and  often  loss  to 
the  smelter.  The  first  and  most  obvious  plan  is  that  of  hand- 
sorting,  which  is  done  at  the  time  bj  boys  and  often  by  young 
women,  much  quartzoso  matter  is  at  once  rejected,  large  lumps 
broken  up  by  hammers,  and  again  the  richer  parts  separated  from 
vein-stone ;  while  any  portion  of  the  latter  showing  the  least 
indication  of  metallic  contents  is  set  aside  for  further  meclia- 
nical  treatment. 

The  mechanical  operations  used  are  crushing,  stamping, 
washing,  i&c  For  as  metallic  ores  generally  have  a  much  higher 
specific  gravity  than  the  quartz  or  earthy  matters,  the  latter 
utay,  by  washing  after  crttshing,  be  readily  separated  from  the 
former. 

Crushing  is  usually  effected  by  a  roller  machine  where  the 
ore  is  dropped  from  hoppers  first  between  two  revolving  cylinders, 
similar  to  those  shown  in  the  article  upon  gold.  The  drawii-in  ore 
is  crushed  in  passing  through,  and  is  often  received  below  by  a 
second  or  even  a  third  pair  of  rollers  placed  under  the  first,  and 
with  the  cylinders  set  closer,  so  as  further  to  reduce  the  size  of 
the  crushed  ore.  The  stamping  operation  is  effected  by  placing 
the  ore  in  a  kind  of  mortar  formed  of  iron,  and  in  which  a  lieavy 
iron  stamp  works  (see  also  chapter  upon  gold).  A  series  of  these 
mortars  and  stamps  are  generally  placed  side  by  side,  so  as  to  be 
worked  by  the  same  revolving  axis,  the  latter  having  a  scries  of 
cams  round  its  circumference,  each  of  which  engages  a  tongue 
projecting  from  the  stamp  arm,  and  so  raises  it,  allowing  it  to 
fall  on  the  passing  round  of  the  cam,  motion  being  given  to  the 
cylinder  by  a  water-wheel  or  other  convenient  power.  The  plan 
adopted,  however,  for  cnishing  or  stamping  is  varied  according  to 
the  nature  of  the  ore  and  its  associations. 

Washing  is  either  perfomaed  in  the  jigging  machine,  or  upon 
the  huddle,  or  inclined  trough.  In  the  first  the  material  is 
jdaced  in  a  large  square  frame  having  a  sieve-like  bottom  ;  this 
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is  raised  up  Eiod  down  in  a  tank  of  water,  and  at  the  Baine  time  a 
peculiar  motion  is  given  to  it  bo  as  to  separate  the  broken  ore 
and  allow  of  the  finer  parts  paaaing  through  the  sieve,  while  the 
coaraor  reipain  in  it,  with  the  finer  and  lighter  earthy  portions 
above  all.  But  the  latter,  as  it  contains  much  valuable  ore  in  a 
vety  finely  divided  state,  ia  groiind  further,  and  converted  into 
a  alime  or  metallic  mud  with  water,  and  sufficiently  thin  to  allow 
of  the  heavier  rich  particles,  subsiding  to  the  bottom  of  settling 
pits  into  which  it  is  passed  for  this  end. 

Sometimee  the  Jigging  is  effected  by  a  stream  of  water  passing 
through  fixed  sieves. 

Tlic  buddle  is  a  plain  trough  through  (or  over)  which  a  thin 
sheet  of  water  is  kept  flowing.  It  is  generally  about-  lo  feet  long 
by  3  wide,  and  the  powdered  ore  is  spread  in  the  upper  part  so 
as  to  be  carried  gently  down  the  trough  by  the  flow  of  water 
Thus  the  richer  parts  of  the  ore  come  to  rest  before  washing 
off  the  inclined  trough,  and  are  collected  fi:t>m  time  to  time. 

For  washing  crushed  gold  quartz  such  a  trough  is  covered  by 
a  blanket,  in  order  more  surely  to  retain  the  valuable  metal. 

In  all  these  cases  tlie  earthy  parts  wash  off  and  are  retained 
as  '  slimes'  for  after  treatment. 

Sometimes  a  metallic  ore  is  almost  masked  by  others  of  a 
difierent  nature  so  as  to  constitute  but  a  small  portion  of  the 
whole  matter  to  be  operated  upon.  Thus  copper  pyrites  in 
addition  to  copper  sulphide,  contains  iron  and  also  arsenic  sul- 
phides. Nickel  ore  is  again  largely  associated  with  arsenic.  In 
such  cases  roasting  is  employed  with  exposure  to  air ;  this  eipels 
volatile  matters,  and  effects  oxidation  of  some  others.  Thus  in 
copper  pyrites,  volatile  matters  as  arsenic  are  first  separated, 
while  the  iron  is  oxidized  in  such  a  manner  as  to  render  it  readily 
separable  from  the  copper.  Similarly  arsenic  is  volatilized  from 
nickel  ore  by  roasting. 

At  times  the  ore  of  the  sought  metal  exists  only  in  incredibly 
small  proportion  in  the  mixed  mass.  Thus  Mexican  silver  ores 
in  some  coses  contain  not  more  than  two-tenths  per  cent  of 
silver,  and  yet  are  profitably  woiked  for  the  latter  metal.     In 
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such  cases,  bodies  are  emplojred  in  the  course  of  the  opcratiun 
which  have  very  strong  affinity  for  tiie  metal  sought,  as  mercury, 
for  example,  in  these  Mexican  Bilvers,  aa  also  in  gold  quartz. 

In  such  cases  the  mercury  forms  a  heavy  analgam  with  the 
precious  metal,  having  disaolved  it  completely  and  so  separated  it, 
and  thus  admitting  of  the  other  aud  lighter  earthy  matters  being 
sufuly  washed  away  fh>m  the  amalgam  which  is  left. 
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CHAPTER  11. 

COMBIMATIONS  OF  METALS  WITH  THE  NOS-METALLIC  ELEMENTS. 

Mechanical  union  between  the  similar  particles  of  any  body,  a 
piece  of  iron  for  instance,  is  kept  up  by  the  force  of  cohesion,  a 
powerful  force  acting  at  Hensible  diatftnceB ;  that  is  to  say,  that 
although  such  a  piece  of  iron  is  held  together  with  a  power  re- 
quiring a  large  expenditure  of  force  for  its  rupture,  yet  there  are 
actually  interspaces  between  its  particles ;  iu  fact  it  is  porous. 

And  similar  powerful  cohesion  takes  place  between  the 
particles  of  dissimilar  bodies  having  like  natures,  as,  for  example, 
twtween  copper  and  tin  in  the  formation  of  bronze,  but  between  all 
audi  the  union  is  comparatively  feeble,  and  purely  mechanical, 
and,  moreover,  the  resulting  compound  body  partakes  of  the 
characters  of  its  constituents  just  as  one  or  other  is  in  excess. 

But  chemical  union  is  of  a  very  different  and  more  intimate 
natnre,  and  is  exercised  in  the  strongest  degree  between  bodies 
which  differ  most  widely  in  properties,  so  that  on  close  approxima- 
tion of  the  particles  of  two  bodies  having  chemical  affinity  for  each 
other,  this  force  comes  into  play,  and  by  union  we  have  a  new 
body  wherein  none  of  the  characters  of  the  components  are 
traceable. 

If  a  portion  of  tin  held  togetlier  by  its  own  cohesion  be 
immersed  in  the  fluid  mercury,  simple  atlinity  will  cause  the  tin 
to  break  up  and  dissolve,  rendering  ttie  mercury  more  or  less  dense 
and  viscid  just  in  proi)ortion  t«  the  amount  of  tin  dissolved  by  it. 
But  if  we  distil  the  mixture  the  mercury  will  all  distil  off,  and  the 
metals  thus  again  separate  into  mercury  and  tin. 

If,  however,  in  place  of  mercury  we  employ  Iiydrochloric  acid 
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as  a  aolvent,  tnie  chemical  affinity  comes  into  play,  and  tlie  tin 
breaking  up  the  acid  into  its  constituents,  displaces  the  hydrogen 
of  the  acid  and  unites  nith  the  chlorine,  and  we  get  a  salt  of  tin 
OS  the  result,  in  fact,  a  totally  new  and  true  chemical  compound. 

Affinity,  then,  appears  to  be  of  two  kinds ;  (ii-st,  that  simple 
act  ion.  whereby  bodies  have  a  tendency  to  unite  or  to  dissolve  one 
in  the  other,  but  without  actnal  change  of  characters,  whence  we 
get  ft  resulting  compound  having  a  composition  and  properties,  the 
mean  of  those  of  its  constituents,  such,  for  instance,  as  we  see  in  the 
union  of  metals  with  each  other  in  the  formation  of  alloys.  And, 
secondly,  the  more  complex  action  whereby  new  compounds  are 
produced,  na  where  metals  combine  with  non-metallic  elements  and 
give  rise  to  bodies  wherein  the  chemical  and  physical  characters  of 
their  constituents  are  lost. 

Both  these  may  be  exercised  with  various  amonnta  of  ener^-. 
■  Thus,  for  the  first,  we  may  mix  zinc  and  copper  in  almost  any 
proportions,  and  the  result  will  be  a  tolerably  intimate  alloy ;  but 
if  we  attempt  in  the  sitme  way  to  mix  zinc  with  lead,  we  shall 
succeed  in  uniting  only  a  veiy  small  proportion  of  zinc  with  the 
lead  (less  than  two  per  cent).  In  fact,  the  zinc  and  lead  have  not 
the  amount  of  affinity  for  each  other  that  the  zinc  and  copper 
have. 

And  no  leas  similar  vaiicty  is  founti  in  the  degrees  of  chemical 
affinity.  In  truth,  it  is  on  these  degrees  that  all  onr  operations  of 
analysis  for  the  discrimination  and  estimation  of  unknown  bodies 
depend. 

For  example. — The  tendency  to  solution  and  elementary  union 
appears  equally  strong  between  nitric  acid  and  eitlier  a  piece  of 
copper  or  of  iron.  If  we  dissolve  a  piece  of  copper  in  this  acid, 
true  chemical  affinity  produces  a  uew  body,  a  salt  of  copper  ;  and 
on  evaporating  aucU  a  solution,  we  crystallize  out  a  blue  salt,  in 
which  none  of  the  physical  characters,  either  of  the  acid  or  mutnl, 
are  discernible.  Now,  if  we  ngain  dissolve  some  of  these  cvystiiJa 
in  water,  and  put  a  plato  of  iron  into  the  solution,  we  shall  gut 
the  iron  dissolved,  and  metallic  copper  again  separated  ;  for  the  iron 
and  acid  have  greater  affinity  for  each  other  than  the  copper  nnd 
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ncid  have  ;  and  hence  the  acid  now  unites  with  the  iron,  setting  tho 
copper  free. 

Chemical  oonibination  is  very  commoDly  effected  by  such  dis- 
placement* TliuB,  in  the  caae  before  mentioned  of  solution  of  tin 
in  hydrochloric  acid,  tho  combination  taltes  place  by  the  simple 
displacement  of  tho  hydrogen  of  the  acid  by  the  metal,  and  in  that 
of  iron  in  the  copi>er  solution,  the  same  reraoval  occurs,  all  other 
things  remaining  the  same. 

But  there  arc  cases  where  direct  chemical  union  ia  effected,  as 
where  we  put  a  metal  into  chlorine  gas,  or  heat  a  metal  with 
sulphur;  in  all  which  coaea  direct  union  takes  place,  with  the 
formation  of  new  and  true  chemical  compounds.  As  has  been 
remarked,  wliere  simple  affinity  ia  exercised  the  bodies  may  mii  in 
any  arbitrary  proportions.  But  the  case  is  altogether  different 
where  chemical  afhuity  results.  For  all  true  chemical  compoimds 
are  formed  only  in  certain  definite  proportions,  tho  combining- 
quantity  being  always  fixed,  and  the  same  for  tlie  same  element. 

Thus,  if  we  add  potassic  hydrate  to  cupric  nitrate  in  solution, 
we  shall  find  that  for  every  igS'S  parts  of  crystals  employed,  w« 
ahould,  after  boiling  and  heating  the  precipitate,  find  it  amount  to 
exactly  79*5  parts  of  cupric  oxide  \  and  for  the  exact  precipitation 
of  it  just  iiZ'Z  parts  of  potassic  hydrate  would  be  requisite. 
Again,  if  we  heat  this  cupric  oxide  in  a  glass  tube,  and  then  pass 
a  current  of  drj'  hydrogen  gas  over  it,  we  should  get  63*5  parts  of 
copper  aud  1 8  parts  of  water ;  the  latter  resulting  from  union  of 
16  parts  of  oxygen  separated,  with  1  parts  of  the  hjdrogea 
employed,  and  no  matter  how  obtained  cupric  nitrate  would  always 
t)e  coniiK>sed  of  its  elements  in  mathematically  the  same  relative 
proportions. 

Again,  in  the  removal  of  copper  from  the  same  solution,  by 
means  of  iron,  for  every  6y^  parts  of  copper  so  separated  ;6  parts 
ef  iron  would  be  dissolved. 

Such  numbers  used  to  be  called  the  equivalent  numbers  of 
these  elements  and  compounds,  but  now  tjie  term  atomic  weight 

Wc  Icam,  then,  that  Iwdies  combine  chemically  only  in  their 
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ntomic  weights,  or  multiples  ufthcDi.  Secondly,  that  all  chemical 
compounds  are  perfectly  definite  in  their  nature  and  cuuatitutiou, 
And  the  ratio  of  their  elements  is  constant. 

Thirdly,  that  the  combining  ({Ufintity  of  a  compound  is  the 
L  same  of  the  combining  quantities  of  ita  coustitucnts. 

The  metals  have  generally  a  very  strong  tcn<lcncy  for  union 
with  the  non-metallic  elements,  and  so  form  binary  compounds 
with  them,  a  simple  body  thus  combining  with  a  simple  one. 
The  clasees  of  oiides,  chlorides,  sulphides,  &q.,  are  produced  in  this 
way  ;  and  of  these  the  first  class,  viz.  the  oxides,  forms  the  most 
considerable  and  important  one. 

Metalt  with  Oxi/gen. — Some  metals  by  heating,  with  free  ex- 
posure to  air,  at  once  lose  their  metallic  character,  and  assume 
that  of  an  earthy-looking  mass ;  such  was  called,  in  old  times, 
the  'calx'  of  a  metal,  whence  arose  the  term  calcination;  the 
change  effected  by  the  operation  being  really  oxidation,  by  com- 
bination of  the  metal  with  oxygen  abstracted  from  the  air. 

Their  affinity  for  oxygen  varies  much  in  amount ;  in  some  it  is 
so  powerful,  that  they  can  only  he  preserved  in  the  metallic  state 
by  immersion  in  a  menstmum  which  coutains  no  oxygen,  or  else 
by  sealing  them  in  glass  tubes  with  as  little  air  ns  possible,  simple 
contact  with  air  sufficing  to  oxidize  them.  Thus  potassium  and 
sodium  are  kept  in  mineral  naphtha,  a  body  composed  of  hydrogen 
and  carbon  only,  and  yet,  even  under  these  favourable  conditions, 
their  surface  will  slowly  oxidize. 

A  striking  illustration  of  their  affinity  for  oxygen  is  afforded  by 
throwing  some  potassium  upon  the  surfiicc  of  a  basin  of  water.  It 
immediately  robs  the  wator,  upon  which  it  rests,  of  oxygen ;  and 
so  great  is  the  heat  attending  combination,  that  the  hydrogen  set 
free  is  inflamed,  and  bums  with  a  flame-coloured  violet  by  the 
metal,  a  portion  of  which  is  volatilized  by  the  heat  genemtcd. 

A  second  class  will  be  slowly  and  quietly  oxidized  by  exposure 
to  air,  especially  if  it  contain  the  leuat  trace  of  moisture;  but,  in 
these  cases,  the  action  is,  of  course,  superficial,  and  hence  tlic 
newly-formed  oxide  will  act  as  a  protection  to  the  metiil  below  it, 
by  preventiug  subsequent  fi^ee  action  of  the  air. 
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Tlma  lead  or  iron  becomea  8ui>erficially  mated  or  tamislicii, 
mid  this  surfuce  oxide  removed,  the  siimc  action  would  agiiin  hu 
camwl  ou.  M;iuy  of  these  oxidize  very  readily  upon  ftiaion,  aud 
from  such  the  8ei>ai-atiou  of  oiygen  ia  a  task  of  some  difficulty. 
Thus  lead  may  be  entirely  couverted  into  oxide ;  and  zinc,  when 
heated  somewliat  aliove  its  fusing  jwint,  will  mnnifeHt  the  intensity 
of  combination  by  actual  combiistion,  the  oxide  being  thrown  off 
as  white  fumcu.  Some  metals  are  thus  combustible  ;  and,  indeed, 
in  most  eases,  their  combustion  merely  depends  upon  sufBciently 
IKiworful  nienns  being  employed  to  effect  it.  For  we  may  burn 
iron  in  very  conaiderablc  mass,  if  we  first  heat  it,  and  tJien  thiuw 
n  JL't  of  osygen  gas  upon  it     Thus  the  whole  will  be  converted 

There  is  yet  a  class  of  metals  which  cannot  be  made  to  oom- 
liiiie  directly  with  oxygen,  and,  moreover,  whose  oxides,  when 
obtained  by  secondary  means,  may  have  their  oxygen  easily 
Bep;ii-.ited  by  heat  alone. 

Iilany  metallic  oxides  are  found  in  nature,  and  constitute  prin- 
cipal ores  of  their  respective  metals.  Tims  the  hematites,  specular 
iron,  and  magnetic  oxido,  are  all  of  them  oxides,  and  yield  tho 
Iwat  varieties  of  iron.  Tin  is  reduced  from  its  oxide ;  and  man- 
ganese, chromium,  and  several  others  exist  lai^ly  in  natiii-e  in 
condition  of  oxides. 

There  arc  four  methods  of  artificially  forming  them.  First> 
The  heating  of  a  metal,  in  air  or  in  oxygon  gas,  suffices  to  convert 
it  into  an  oxide,  and,  in  this  way,  some  oxides  so  formed  may  be 
converted  into  others  of  higher  grades.  But  this  plan  is  chiefly 
applicable  to  form  oxides  which  are  fusible  or  volatile.  The  ordi- 
nary red  lead  of  commerce  ia  bo  formed ;  lead  is  first  heated,  with- 
out allowing  it  to  fuse  ;  thus  a  protoxide  ia  produced.  This  is 
then  exposed  to  a  temperature  of  600°  F.  =  3is°'5  C,  a  current 
of  air  being  at  the  same  time  thrown  upon  its  surface,  wjiei'eby 
au  additional  quantity  of  oxygen  is  absorbed,  under  the  influence 
of  tho  slight  increase  of  temperature,  which  ciiaiiges  tlie  whi>lc 
into  the  beantifnl  red  pigment. 

Socuud.     If  wii  heat  the  nitrate  or  carbonate  of  a  metal  to 
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redness,  the  acid  will  bo  evolved  and  the  oxide  left.  By  thus 
exposing  the  white  carttonate  of  lead  to  heat,  its  colour  souu 
chfinges  to  a  lemon  yellow ;  and,  on  eiamination,  it  would  be 
found  to  have  bceu  deprived  of  its  acid,  and  a  protoxide  leil. 

Again,  the  beat  method  of  formiDg  cupric  oxide  consists  iu 
acting  upon  copper  by  nitric  acid,  and  so  obtaining  a.  nitrate ;  - 
)heD,  by  drying  and  heating  to  redness,  the  oxide  will  reuiaiu.  In 
this  case,  the  metal  is  oxidized  by  decom position  of  some  of  the 
acid  in  forming  the  nitrate,  and  the  subsequent  isolation  of  the 
oxide  is  simply  (as  before  remarked)  caused  by  the  evolution  of  the 
acid  of  the  salt,  under  the  influence  of  the  heat  to  which  it  is 
exposed. 

In  the  case  of  some  metals  so  acted  upon  by  nitric  acid,  we  do 
not  get  the  subsequent  formation  of  a  salt  carried  on,  but  the 
oxide  30  formed  remains  suspended  as  a  powder  in  the  undecoui- 
posed  acid.  Such  a  result  depends  really  upon  the  newly  forme^l 
oxide  having  acid  properties.  Hence,  by  means  of  nitric  acid, 
some  metola,  as  tin  and  antimony,  may  be  converted  into  acids. 

In  some  cases,  if  we  deflagrate  a  metal  with  a  body  rich  in 
oxygen,  as  potassic  chlorate,  or  potassic  nitrate,  or  a  metallic  sul- 
phide, with  nitre,  we  obtain  its  oxide.  Thirdly,  if  we  ignite  the 
sulphates  of  some  metals  we  obtain  their  oxides.  Thus  on  heating 
the  double  sulphate  of  alumina  and  ammonia  we  drive  olT  all  but 
the  aluminium  oxide.  Again,  the  bodies  known  in  the  arts  as 
rouge,  crocus,  colcothar,  &c.,  are  oxides  of  iron  obtained  by  tho- 
roughly igniting  the  ferrous  sulphate. 

Fourthly,  we  get  metallic  oxides,  but  in  the  hydrated  state,  by 
adding  an  alkali  to  a  solution  of  a  metallic  salt  iu  water.  Thus, 
if  zincic  sulphate  or  cupric  sulphate  be  treated  with  caustic  potash, 
double  decomposition  talies  place,  and  bulky  hydrated  oxides  fall. 
From  these  the  water  may  generally  be  expelled  by  heat,  although, 
in  some  cases,  with  dithculty.  In  others,  it  will  be  driven  otf  at 
the  temperature  of  boiling  water,  or  even  under  that.  Thus  cupric 
oxide  is  precipitated  as  a  green  flocculent  hydrate  by  potash  ;  but 
the  mere  boiling  of  the  precipitate  suffices  to  dehydrate  it,  reu- 
dering  it  black  and  pulverulent. 
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Lastly,  some  metals  are  oxidized  by  alkalla.  Thus,  if  metalli'; 
zinc  or  aluminium  are  heated  in  strong  caustic  potasBo,  water  is 
decomposed,  its  hydrogen  evolved  ;  while  its  oxygen  oxidises  the 
metal.     The  latter  then  dissolves  in  the  potasaa  solution. 

When  we  apeak  of  reducing  a  metallic  oxide,  we  commonly 
mean  the  separation  of  the  oiygen,  and  the  restoration  of  the 
metal  to  a  reguliue  state.  But  the  term  is  also  used  when  we 
describe  but  a  partial  separation.  Thus  we  speak  of  reducing 
peroxide  of  iron  to  the  state  of  protoxide,  and  the  like. 

Reduction  is  effected,  in  the  case  of  the  noble  metals,  by  the 
simple  application  of  heat.  Thus,  heating  oxide  of  gold,  or  silver, 
«>r  platiuum,  to  a  very  moderate  degree,  will  leare  a  clean,  brilliant 
miiHS  of  the  metal. 

Next,  there  exists  a  class  rather  more  difficult  to  reduce,  which, 
ill  addition  to  heat,  requires  some  body  to  be  employed  which,  by 
its  affinity  for  oxygen,  shall  assist  in  its  abstraction.  Thus  the 
formation  of  oxide  of  lead  was  just  now  spoken  of,  by  means  of 
heating  the  carbonate.  Now,  if  we  continued  the  heat,  all  we 
should  elfect  by  it  would  be,  either  the  fusion  of  the  oxide,  or  else 
its  conversion  into  an  oxide  of  higher  degree.  But  if  a  small 
quantity  of  charcoal  (or  carbon)  be  added,  the  latter  -will  at  once 
abstract  the  oxygen  for  its  own  conversion  into  carbonic  acid,  and 
metallic  lead  will  be  act  free. 

In  such  cases,  where  a  high  temperature  is  employed,  cnrbouic 
oxide  ia  evolved.  But  if  the  temperature  be  only  moderate,  car- 
bonic acid  is  given  off. 

Gay  Lussoc  says  that  carbonic  acid  in  these  cases  of  reduction 
IjecomcB  carbonic  oxide  by  taking  another  atom  of  carbon.  The 
latter  gas  then  coming  in  contact  with  the  metallic  oxide  is  recon- 
verted into  carbonic  acid  again ;  and  these  changes  are  thus 
repeated  until  the  whole  of  the  metallic  oxide  is  reduced ;  the 
actual  agent  of  the  reduction  being  carbonic  oiidc. 

On  the  lai^  scale,  this  operation  is  generally  performed  in  a 
refractory  clay  crucible,  which  is  filled  with  a  mixture  composed 
of  the  oxide  to  be  reduced,  and  charcoal  powder.  Sometimes, 
instead  of  forming  such  a  mixture  the  oxide  is  put  by  itself  into  a 
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crucible  which  has  previoasly  been  thickly  lined  with  a  coating  of 
charcoal,  which  latter  furaiBhea  the  carbon  as  the  operation 
proceeds. 

An  essential  addition,  in  these  cases,  is  that  of  a  body  termed 
a  fiux  (a  little  borax,  for  eiample)  which  id  strewed  over  the 
BOrlace  of  the  mixture  before  the  operation  is  commenced.  Tliis 
enters  into  fusion  before  the  reduction  b^os  ;  and  as  Boon  as  it 
does  commence,  and  small  grains  of  metal  are  Bet  free,  they  are 
surrounded  and  kept  clean  by  this  flux,  and  ao  enabled  to  flow 
together  in  a  compact  button  or  mass.  This  is  aided  by  the  evo- 
lution of  gas  formed,  which  keeps  up  a  constant  circulation, 
assisting  the  clean  globules  to  come  together,  their  imion  being 
finally  completely  brought  about  by  a  few  gentle  taps  of  the  cru- 
cible on  removing  it  from  the  fire.  Metals  so  reduced  generally 
contain  traces  of  carbon,  and  even  of  boron  from  the  borax 
used. 

A  class  of  oxides,  to  which  the  foregoing  treatment  is  not 
applicable,  may  be  very  elegantly  reduced  by  placing  them  in  a 
glass  tube,  heating  it  red  hot,  and  then  passing  a  ciurent  of  quite 
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dry  hydrogen  gas  over  them.  A  large  two-necked  bottle  is  fitted 
up  in  the  usual  way  for  the  evolution  of  hydrogen.  This  has  its 
delivery-tube  passed  into  a  tube  filled  with  fragments  of  calcic 
chloride,  for  the  purpose  of  absorbing  the  moisture  which  may 
be  carried  over  with  the  gas  ;  to  the  other  end  of  this  drying  tube^ 
is  connected  the  tube  which  is  to  hold  the  metallic  oxide  (generally 
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in  a  bull)  blown  upon  this).  "The  gas-bottle  should  contain  about 
II  couple  of  qnarta,  so  as  to  afford  a  steady  supply,  and  the 
calcic  chloride  tube  should  be  long  and  well  filled.  In  ope- 
rating, aftor  the  gas  has  completely  driven  out  the  air  in  tlic 
apparatus,  heat  is  applied  to  the  bulb  containing  the  oiidc,  and  so 
its  reduction  will  be  brought  about.  The  gaa  must  be  kept  np  in 
a  good  stream,  so  as  to  drive  out  the  watery  vapour  formed  by  the 
decomposition.  Here  the  hydrogen  takes  the  oxygen  of  the  oxide, 
and  water  is  formed,  while  the  metal  ia  set  free.  All  nictala  n-hose 
affinity  for  oiygen  is  lower  than  that  of  iron  may  be  thus  reduced  ; 
indeed,  oxide  of  iron  may  itself  be  so  treated;  but,  in  this 
instance,  these  affinities  arc  just  balanced  :  for,  on  the  other  hand, 
if  we  heat  a  quantity  of  ir<iQ  filings  in  a  gloss  tube,  and  then  pass 
the  vapour  of  water  over  them,  we  get  the  water  decomposed,  its 
oxygen  oxidizes  the  iron,  and  its  hydrogen  ia  evolved.  It  is  a  fact 
worthy  of  notice  here,  that  almost  all  metals  ao  reducible  by 
hydrogen  may  also  be  reduced  by  the  dry  distillation  of  their 
oxalates.  Carbonic  acid,  and  sometimes  water,  is  given  off  fi-om 
the  decomposition  of  the  osalic  acid,  and  the  metal  in  a  pul- 
verulent state  is  leit. 

All  metals,  too,  which  are  reducible  by  hydrogen,  are  equally 
so  by  carbon. 

In  the  case  of  metals  whose  affinity  for  oiygen  is  greater  than 
llmt  of  those  reducible  by  the  above  means  we  have  a  powerful 
method  in  the  use  of  a  second  metal  «lioso  affinity  for  oxygen 
exceeds  that  of  the  ono  we  wish  to  reduce.  Thus,  if  we  heat 
p)tash  very  strongly  in  contact  with  iron,  we  reduce  the  former, 
and  set  free  potassium  in  the  state  of  vapour,  which  may  be  con- 
densed into  the  metallic  state.  But,  in  these  cases,  temperature 
has  much  control  over  the  course  of  affinities.  For,  if  we,  on  the 
other  hand,  mix  oxide  of  iron  with  potassium,  and  heat  geuti^,  we 
have  the  iron  deoxidized  and  potash  formed. 

Some  oxides  will  be  reduced  by  heating  with  sulpliur.  Thus 
the  latter  is  oxidized,  and  paasea  ofT  as  sulphurous  acid.  But 
the  osides  become  either  sulphides  or  mixtures  of  sulphides 
and  sulphates.     Again,  chlorine  gas  will  reduce  some,  as  gold  and 
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platimim  osides,  in  which  cases  the  metals  are  set  free.  But  in 
other  caeeB  the  metal,  in  plnce  of  aetual  reduetion,  is  cunvcrtod 
into  its  chloride.     Bnt  the  gas  must  be  dry. 

Lastly,  there  are  metals  whose  affinity  for  oxygen  is  so  stiviiig 
OS  only  to  be  overcome  by  the  force  ot  the  galvanic  current,  and 
there  are  few  bodies  which  can  resist  its  decomposing  iiiSuencc.  The 
sine  qnd  Hon,  hovrever,  being  that,  in  order  to  decompose  them, 
thoy  must  {to  a  certain  extent,  at  least)  be  soluble  in  water.  The 
most  itimple  exhibition  of  tliis  force  is  made  in  taking  a  metallic 
solution,  as  of  salt  of  copper,  for  example,  and  plunging  into  it  a 
strip  of  clean  iron.  The  latter,  having  a  greater  affinity  for  the 
acid  than  the  copper  has,  begins  at  once  to  be  acted  upon,  and  to 
be  dissolved,  especially  if  the  solution  be  slightly  acid.  The  iron 
replaces  the  copper  in  the  combination,  and  the  copper  is  thus  set 
free  and  deposited  at  the  point  of  action,  viz.  the  surface  of  the 
iron  dissolving ;  and  this  would  go  on  until  all  the  copper  n-as 
reduced  and  removed  from  the  solution  and  replaced  by  iii)n. 
And,  moreover,  the  changes  would  take  place  in  the  relative 
atomic  weights  of  the  two  metals ;  and  so  for  every  63'5  parts  of 
copper  reduced,  5(j  of  iron  would  be  taken  into  solution. 

Electrical  action  has  much  to  do  with  this.  The  slight  acidity 
of  the  solution  first  determiues  the  solution  of  the  iron,  and  the 
moment  the  least  film  of  copper  is  deposited  on  it,  the  copper 
becomes  the  negative,  and  the  iron  the  positive  element  of  ti 
voltaic  arrangement ;  and,  subsequently  the  decomposition  of  the 
Halt  is  thus  carried  on  until  its  completiou. 

The  metals  are  ufcen  deposited  in  this  way  in  beautiful 
dendritic  crystals,  as,  for  instance,  in  the  case  of  the  lead  tree, 
where  a  solution  of  a  lead  salt  is  reduced  by  the  introduction  of 
a  plate  of  zinc. 

Light  suffices  to  decompose  the  oiides  of  the  noble  metals. 
Thus,  a  glass  vessel  containing  a  solution  of  gold  will  deposit  the 
gold  in  au  increasing  film  on  the  side  nest  the  light.  But 
BerzeUua  and  some  others  consider  that  this  action  may  be  due  ti) 
light  in  its  connexion  with  electricity. 

ifelfiU  with  CMoriiie. — Between  the  metals  and  the  gas  chlotiiiu 
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n  uiost  powerful  affinity  exists;  indeed,  exceeding  that  for  oxygen. 
If  we  throw  portions  of  any  which  can  be  finely  divided  (by  pow- 
dering or  otherwise)  into  a  jnr  of  chlorine,  we  get  all  the 
phenomena  of  combustion,  light  and  heat  being  evolved.  In  tlie 
case  of  moat  other  metals,  aa  may  be  shown  by  iron,  a  very  slight 
rise  of  temperature  suffices  to  cause  this  inflammation ;  and  even 
the  noble  metals,  which  resist  the  action  of  oxygen  under  the  same 
circumstances,  will  slowly  and  quietly  absorb  chlorine,  if  placed 
in  it. 

Moat  of  the  chlorides  have  the  physical  appearance  of  salts ; 
Bome  have  a  tough,  homy  appearance  ;  they  vary  in  colour,  and 
but  with  a  few  cxceptious,  are  soluble  in  water.  Some  few  are 
quite  insoluble.  Argentic  chloride,  and  mercurous  chloride  for 
instance ;  while  some,  like  autimouious  chloride,  are  decomposed 
on  adding  water  to  them. 

Several  methods  of  obtaining  chlorides  may  be  employed. 

First,  All  metals,  wlien  heated  in  chlorine,  will  combine  with 
it,  the  heat  evolved  during  chemical  union  being  in  general 
suiEcient  to  fuse  off  the  chloride  formed,  otherwise  the  metal 
would  soon  be  protected  by  it  from  further  action  of  the  gas  ;  thus 
the  iron  or  antimony  perchloridea  may  be  prepared. 

Second.  The  oxide  of  a  metal  may  be  mixed  with  charcoal,  and 
then,  by  passing  a  current  of  dry  chlorine  over  this,  the  oxygen 
will  be  taken  by  the  charcoal  to  form  carbonic  oxide,  while  the 
Dietol  combinea  with  the  chlorine. 

This  plan  Is  employed  where  the  resulting  chloride  is  volatile, 
■■\a  aluminium  and  titanium  chlorides,  which  volatilize  and  con* 
dense  in  a  cool  part  of  the  apparatus. 

Third.  Some  sulphides  are  decomposed  by  a  current  of  gaseous 
chlorine,  which  chlorinates  both  the  sulphur  and  the  metal :  a 
metallic  chloride  and  chloride  of  sulphur  being  the  result.  Or  dry 
hydrochloric  acid  may  be  similarly  used  with  a  sulphide  or  an  oxide. 

Fourth.  Hydrated  chlorides  may  be  prepared  by  dissolving  a 
metal  in  hydrochloric  acid,  when  it  at  once  displaces  the  hydrogen, 
combining  with  the  chlorine ;  or  an  oxide  or  carbonate  may  be 
employed.     The  solution  obtained  may  in  moat  cases  be  crj'stal- 
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lizcd  ;  bat  is  Home  evaporation  cannot  be  carried  oa  in  contact 
with  the  air  without  decomposing  the  chloride.  Thus  aluminium 
and  magneaium  cblorides  will  lose  tJieir  chlorine  if  eo  treated. 

Bnt  there  are  caseB  where  hydrochloric  acid  will  not  dissolve 
a  metal,  and  where  for  forming  auch  chlorides  the  gas  mu^t 
be  brought  to  act  on  the  metal  in  a  nascent  state ;  thus  the 
ehloridea  of  gold  and  platinum  are  only  obtained  by  the  employ- 
ment of  aqua  re^,  where  the  nitric  acid  aeta  free  chlorine 
from  the  hydrochloric,  in  such  a  state  that  it  will  at  once  combine 
with  the  metal ;  the  latter  being  dissolved,  all  excess  of  nitric  acid 
ia  got  rid  of  by  evaporating  the  solution  to  dryness,  adding  a  little 
hydrochloric  acid  from  time  to  time  during  this  evaporation. 
The  pure  chloride  being  subsequently  got  by  solution  of  the  re- 
sidue in  water. 

I^astty,  metallic  chlorides,  which  are  insoluble  in  water,  may 
be  precipitated  by  adding  to  any  soluble  salt  of  the  metal  an 
alkaline  chloride,  or  hydrochloric  acid.  Thus  argentic  chloride  ia 
obtained ;  and,  in  Uke  manner,  plumbic  chloride  and  mercurous 
chlorides  are  formed. 

Strongly  basic  metals,  such  aa  sodium,  will  readily  reduce 
chlorides  of  more  electro-negative  ones.  Thus  sodium,  wheu 
heated  with  aluminium  or  magnesium  chloride,  will  become  sodic 
chloride,  and  set  free  the  magnesium  or  aluminium.  And  thus 
such  metals,  whose  oxides  we  are  unable  to  reduce,  are  readily 
procured  from  their  chlorides.  Similarly  we  may  act  upon  tin, 
antimony,  or  bismuth,  with  mercuric  chloride,  and  obtain  the 
transference  of  its  chlorine. 

In  reducing  the  chlorides,  if  we  except  those  of  gold  and 
platinum,  heat  has  no  effect, — not  even  if  charcoal  be  added, 
provided  the  mixture  be  dry ;  but  if  moisture  be  present,  de- 
composition is  at  ouce  set  up,  hydrochloric  and  carbonic  acids 
being  formed,  and  the  metal  set  free.  Sulphuric  acid  decomposes 
them,  but  here  the  metal  is  uot  set  free,  but  oxidized  at  the 
expense  of  the  oxygen  of  the  water. 

If  we  except  the  metals  of  the  alkalis  and  earths,  all  other 
metallic  chlorides  may  be  decomposed  by  heating  them   in  a 
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i:iirreiit  of  hj-di-ogeii  ;  but  tLe  evolution  of  the  latter  must  I'c  well 
maintaiued,  bo  as  to  drive  the  hydrochloriu  acid  formed  out  of  the 
rediictioQ-tube,  or  it  would  react  upou  the  freehty-Bcparated 
metal,  and  the  old  state  would  be  restored.  Ferrous  chloride, 
when  thus  treated,  affordii  fine  cubic  crystals  of  iron. 

Lastly,  some  chlorides  may  k>e  decomposed  by  heating  them 
with  ft  mctftl  which  has  more  powerful  basic  properties.  Thus 
alumiuium  is  obtained  from  its  chloride  by  heating  the  latter 
with  sodium. 

The  elements  iodine  and  bromine  being  analogous  to  chlorine 
in  their  actions  and  habitudes,  their  union  with  the  metals  may 
be  effected  in  similar  ways.  The  iueolnble  ones  (probably  the 
more  important)  may  thus  be  obtained  by  the  addition  of  the 
iodide  or  bromide  of  potassium  to  the  metallic  solutioh,  when  the 
iodide  or  bromide  (as  the  case  may  be)  will  be  precipitated,  just 
in  tlie  same  manner  aa  the  corresponding  chloride. 

Metali  with  Sulphur. — The  sulphides  are  very  analogous  to 
oxides,  and  in  considering  combinations  of  the  metals  with  sul- 
phur, it  must  be  first  mentioned  that  such  union  is  very  common 
in  nature ;  and  hence  many  of  the  ores  of  the  most  important 
metals  are  sulphides ;  and  it  is  from  such  compounds  that  we 
derive  our  chief  supply  of  copper,  lead,  mercury,  silver,  antimony, 
and  several  others. 

In  the  native  state,  the  sulphides  are  brittle  solids,  quite 
opiujue,  and  in  many  oases  possessing  a  strong  metallic  lustre. 
This  latter  quality  is  so  marked  in  some,  that,  in  tlie  case  of  iron 
pyrites  (ferric  sulphide),  from  colour  and  lustre  it  has  frequently, 
by  inexperienced  persons,  been  mistaken  for  native  gold.  Tliey 
arc  often  found  crystalline,  and  of  those  not  naturally  so,  many 
may  be  crystallized  by  fusing  them.  And  they  are  almost  all 
fusililc. 

With  the  exception  of  sulphides  of  the  metals  of  alkalies,  and 
alkaline  earths,  they  are  all  insoluble  in  water.  Aa  already  men- 
tioned, some  may  be  fused,  and  of  these  many  wilt  sublime 
unchanged;  but,  in  the  case  of  sonic  containing  more  than  one 
pi-oportional  of  sulphur,  such  treatment  will  reduce  them  to  the 
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Btat«   of  protosulphides,    as   happens   with   tin   and  irou   disul- 
phides. 

The  method  of  forming  vermilion  is  a  good  example  of  the 
ease  with  which  some  sulphides  sublime.  The  metals,  in  many 
instances,  form  several  sulphides :  thus  potassium,  fur  example, 
combines  in  five  proportions  with  sulphur.  Aa  with  the  oxides  of 
metals  we  get  a  class  where,  by  union  of  a  metal  with  oxygen,  an 
acid  is  formed  capable  of  neutralizijig  and  forming  a  salt  with  a 
basic  oxide,  so  with  the  sulphides  we  have  precisely  an  analogous 
state  of  things;  and  certain  metallic  sulphides  will  act  as  acids 
towards  others  which  have  basic  properties.  This  is  the  reason 
of  the  non -precipitation  of  some  metals  by  ammonio-iiydric  sul- 
phide, viz.  the  sulphide  of  the  metal  formed  by  it  combines  with 
some  undecomposed  ammonio-hydrio  sulphide,  and  forms  a  sohihle 
salt  Thus,  if  we  add  the  latter  reagent  to  a  solution  containing  - 
gold,  the  metal  is  precipitated  as  a  sulphide,  but  it  will  be  imme- 
diately thus  redissolved  by  ou  excess  of  the  alkaline  sulphide. 

They  may  be  artificially  formed  in  the  following  ways  ; — 

First.  By  heating  a  metal  or  an  oxide  with  sulphur.  Thus,  if 
iron  fiUngs  and  sulphur  he  projected  into  a  hot  crucible,  the  latter 
being  kept  at  a  dull  red  heat,  an  appearance  of  combustion 
ensues, — an  evidence  of  the  violent  action  taking  phice,  —  and 
there  will  remain  a.  metallic -looking  residue,  a  protosulphide  of 
iron.  But  where  an  oxide  is  heated  with  sulphur,  the  former  is 
decomposed,  and  its  oxygen  with  some  of  the  sulphur  forms  sul- 
phurous acid,  which  is  evolved.  Again,  with  alkaline  earths,  or 
alkalies,  so  treated,  the  resulting  sulpliide  will  contain  portions  of 
sidphate,  and  also  of  uncombined  sidphur.  Indeed,  in  both  in- 
stances, viz.  of  metals  and  of  oxides  so  treated,  we  obtain  com- 
pounds by  no  means  definite,  and  commonly  containing  variable 
proportions  of  imcombined  sulphur. 

Some  sulphides,  and  in  some  cases  sulphur  salts,  are  formed 
by  heating  a  mixture  of  metallic  oxide  and  sulphur  with  potassic 
carbonate.  If  this  be  done  in  a  crucible  lined  with  charcoal,  the 
metallic  oxide  is  reduced,  the  sulphur  combining  first  with  the 
alkali  forming  an  alkaline  sulphide,  which  is  subsequently  de- 
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composed  At  a  red  heat,  and  affords  its  sulphur  to  the  metal,  to 
convert  the  latter  into  a  sulphide. 

Some  sulphides  may  be  obtained  by  boating  a  sulphate  to 
redness  with  oharooal,  or  by  heating  it  in  a  glass  tube,  and  then 
passing  a  current  of  dry  hydrogen  gas  over  it.  Id  the  first 
process,  the  charcoal  takes  the  whole  of  the  oxygen,  and  so  car- 
bonic  oxide  is  formed  and  evolved,  the  sulphide  being  left. 
Thus,  Met.  S  0^  +  4  C  =  Met.  S.  +  4  C  0. 

Where  the  operation  is  effected  by  hydrogen,  the  whole 
of  the  oiygen  is  separated,  as  in  the  last  case,  and  water  ia 
the  secondary  product.  But  in  many  cases  some  of  the  sulphur 
is  lost,  and  metallic  subsulphides  result.  Indeed  it  is  only  the 
alkali  metuls  which  thus  give  true  protosulphides. 

Hydrosulpburic  acid  (dihydric  sulphide)  is  a  ready  agent  iu 
the  formation  of  metallic  sulphides.  Thus,  if  we  pass  it  over  a 
heated  metal  or  oxide  in  a  glaaa  tube  we  obtain  the  sulphide,  and 
carbon  bisulphide  may  also  be  employed  in  the  state  of  vapour  in 
a  similar  way.  With  carbon  bisulphide  and  a  metallic  oxide,  the 
reaction  produces  a  metallic  bisulphide  and  carbonic  acid. 

If  hydrosulpburic  acid  (dihydric  sulphide)  or  au  alkaline  sul- 
phide (in  some  cases),  be  added  to  solutions  of  metallic  salts,  a 
sulphide  of  the  metal  will  be  piecipitated.  As  by  one  or  other  of 
these  all  the  metals,  excepting  those  of  the  alkalies,  alkaline 
earths,  and  eartha  proper,  may  be  so  precipitated,  and  moreover, 
as  the  resulting  sulphides  are  very  characteristic  in  each,  these 
reagents  afford  the  means  of  analysing  metallic  solutions.  By 
them,  and  potassio  carbonate,  the  whole  category  of  metallic  bases 
may  be  classified,  and,  moreover,  by  means  of  these  three  reagents 
alone.  Thus,  to  a  solution  of  a  metallic  salt,  or  salts  rendered 
slightly  acid  by  the  addition  of  a  little  hydrochloric  acid,  hydro- 
sulpliuric  acid  (dihydric  sulphide)  is  first  added ;  this  will  preci- 
pitate, as  sulphides,  any  metals  present  belonging  to  a  large  first 
group  of  something  like  twenty  metals.  Nest,  having  separated 
the  precipitate,  and  rendered  the  acid  solution  slightly  alkaJiue,  by 
adding  some  ammonia,  the  addition  of  an  alkaline  sulphide,  as 
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sulphide  of  anuuonium  (ammoDio-fajdric  sulphide)  will  precipitate 
any  metals  of  a  second  group,  also  aa  sulphides.  These  removed, 
the  addition  of  potaesic  carbonate  precipitates  a  third  group; 
while,  lastly,  a  small  group,  oonsisting  only  of  four,  or  in  some 
cases  five,  will  remain  untouched  by  either  of  the  three  precipitants 
mentioned. 

The  colour  of  the  sulphides  oi  some  of  the  metals,  thus  preci- 
pitated, is  very  marked.  Those  of  the  noble  metals,  as  alao  of 
lead,  hismuth,  copper,  iron,  cobalt,  and  nickel,  are  all  black. 
Molybdenum,  vanadium,  tungsten,  and  tin  (when  in  the  state  of 
protoiide)  aETord  brown  sulphides ;  antimony,  a  reddish  orange 
one ;  cadmium,  orange ;  arsenic,  orange-yellow  ;  tin  (when  it  eiistB 
as  peroxide),  yellow  ;  manganese,  flesh-coloured  ;  and  zinc,  a  white 
sulphide. 

In  reducing  sulphides,  some  few  are  reduced  by  heat  alone,  aa 
gold  and  platinum.  Silver  sulphide  is  also  thus  reduced,  but  at  the 
same  time  partially  oxidised,  so  that  a  small  portion  of  argentic 
sulphate  is  formed.  This,  however,  is  to  be  reduced  alao  by  con- 
siderably raising  the  heat  used. 

In  the  reduction  of  many  salphidea  by  so  heating  in  the  air, 
the  sulphur  evolved  by  union  with  oxygen  becomes  sulphurous 
acid ;  but  another  portion  of  oxygen  combines  with  the  metal, 
and  we  get  an  oxide  left,  in  the  phice  of  the  metal  itself. 

The  smelting  of  many  orea  may  be  reaolved  into  just  these 
changes,  of  which  copper  orea  may  be  given  as  a  good  example. 
Sometimes  the  application  of  heat  and  air  converts  the  sulphide, 
first  into  a  sulphate,  when,  if  the  new  compound  be  capable  of 
sustaining  the  temperature,  it  remains  permanent ;  but,  if  not, 
it  pasaea  to  the  state  last  described,  viz.  separation  into  sul- 
phuroua  acid  and  a  metallic  oxide. 

Many  reducing  agents  may  be  employed  to  combine  with  tbo 
sulphur,  aa  metallic  iron,  hydrogen,  chlorine,  &o.  Thus,  if  we 
heat  sulphides  of  lead  or  copper  with  iron,  sulphide  of  iron  and 
the  metal  resxilts.  Galenas  are  often  assayed  this  way,  clean  iron 
nails  with  a  little  black  flux  being  used.  This  method  will  be  de- 
scribed in  the  article  upon  lead. 
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Some  fow  Biilphidea  will  be  reduced  b;  paasing  diy  bjdrogen 
over  tbem  at  a  red  heat,  the  metal  beiug  reduced,  while  the 
sulphur  combines  with  the  hydrogen,  and  forms  hydrosiilphuric 
acid  (dihfdric  sulphide).  Thus  sulphides  of  antimony,  bismuth, 
copper,  tia,  and  silver  are  decomposed. 

Diy  chlorine  gas  wiU  likewise  decompose  them,  and  both  the 
metal  and  the  sulphur  will  combine  with  it ;  and  they  may  also 
be  converted  into  chlorides  by  nitro-hydrochlorio  acid  ;  some  few 
also  by  hydrochloric  acid.  In  the  latter  case,  the  hj-drogen  of  the 
decomposed  acid  combines  witii  the  sulphur  of  the  sulphide,  and 
is  evolved  as  dihydrio  sulphide.  One  of  the  moans  of  obtaining 
the  latter  body  for  use  aa  a  reagent  consists  in  heating  antimo- 
uious  sulphide  in  hydrochloric  acid,  or  by  treating  ferrous  sulphide 
with  dilute  sulphuric  acid,  and  without  heating. 

In  the  first  case,  the  decomposition  will  be  shown  by  the 
following  formula  :  Sb,  S,  +  6  H  C\.=  t  Sb  CI,  +  3  H,  S.  In  the 
second,  where  ferrous  sulphide  is  used,  the  iron  simply  replaces 
tlie  hydrogen  of  the  acid,  which,  taking  the  sulphur  set  free,  forms 
the  gas.     The  formula  is  FeS  +  H,  SO«=Fe  SO4+HJS. 

Lastly,  they  may  be  decomposed  by  means  of  strong  nitric 
acid,  a  method  employed  in  many  cases  of  analyses  of  ores ;  as, 
for  iuatanco,  copper  pyrites,  galena,  blende,  and  some  others.  The 
powdered  mineral  is  treated  with  strong  nitric  acid,  whereby  its 
sulphur  is  more  or  less  completely  oxidized  (the  extent  of  oiidation 
dei)ending  much  iipon  the  time  employed  in  digestion).  All  that 
portion  which  is  not  thus  converted  into  sulphuric  acid  separates 
in  yellow  masses,  which  by  continuance  of  heat  fuse  into  yellow 
beads.  The  liberated  metal  combines  with  undecomposed  acid  to 
form  a  nitrate.  Native  cinnabar,  or  mercuric  sulphide,  is  the  only 
ore  which  cannot  be  so  treated. 

The  simple  body,  selenium,  precisely  resembles  sulphur  in  its 
i-hcmicitl  relations :  hence  it  combines  with  metals  much  in  the 
same  manner.     Native  selenides  are  found,  but  very  rarely. 

Phosphorus  combines  with  metals,  forming  the  olasa  phos- 
phides,— an  unimportant  one.  They  may  be  formed  by  fusing  a 
metal,  nnd  then  throning  phosphorus  into  the  crucible  in  succes- 


WITH  THE  NOH-HETALLIC  ELEUEXTS.  51 

sive  portions,  when  direct  union  takes  place.  Or  if  a  metal,  or  ita 
oxide,  be  heated  with  phoaphoric  acid  and  charcoal,  the  carbon 
wiU  take  the  oxygen  of  the  acid,  while  the  phosphorus,  set  iree, 
combines  with  the  metal.  Where  the  oxide  has  been  employed, 
its  oj^gen  appropriates  another  portion  of  carbon,  also  for  the 
formation  of  carbonic  acid. 

Some  phosphides  may  be  obtained  in  the  wet  way,  like  the 
sulplydes,  viz.  by  transmitting  phosphuretted  hydrogen  gas  through 
a  solution  of  the  metallic  salt  Thus,  if  we  dissolve  cupric  sulphate 
and  so  treat  it,  we  get  a  black  flocculent  precipitate  of  cupric 
phosphide ;  but  it  is  soon  decomposed  by  exposure  to  the  air.  It 
is  said  that  a  corresponding  silver  salt  may  be  formed,  but  this  is 
doubtful. 

If  a  phosphide  be  heated  in  the  air,  it  will  absorb  oxygen,  and 
be  converted  into  a  phosphate;  at  other  times  the  metal  is  set 
free,  aud  the  phosphorus,  in  this  last  case,  alone  oxidized. 

As  the  quantitative  analysis  of  the  three  principal  classes  of 
compounds  just  considered, — y'cz.  oxides,  chlorides,  and  sulphides, 
is  often  required,  the  methods  may  now  be  briefly  considered 
here. 

In  metallic  oxides,  the  amount  of  metal  and  of  oxygen  may 
both  be  estimated  by  one  operation.  An  accurately  weighed 
portion  is  heated  in  a  bulb  tube,  and  a  current  of  perfectly  dry 
hydrogen  passed  over  it,  just  as  described  at  pnge  41  ;  but  a  small 
tube  containing  calcic  chloride,  as  used  in  organic  analyses,  is  also 
carefully  weighed  before  the  operation,  and  then  attached  to  the 
reduction -tube,  so  as  to  receive  and  retain  the  water  formed  by 
union  of  the  hydrogen  with  tlie  oxygen  of  the  oxide.  The  opera- 
tion over,  the  metal  is  weighed,  and  the  loss  reckoned  aa  oxygen  : 
but  this  is  also  checked  by  weighing  the  calcic  chloride  tube,  and 
from  the  weight  of  water  foimd,  calculating  the  amount  of  oxygon 
libOTated. 

Where  the  method  is  inapplicable,  a  known  weight  of  the  metal 
may  be  converted  into  nitrate  by  nitric  acid,  and  then  heated 
carefully,  so  as  to  drive  off  the  acid  of  the  salt,  when  the  oxido 
remaining  may  bo  weighed. 
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Chlorides  are  always  estimated  by  separating  their  chlorine  as 
argentic  chloride.  If  soluble,  the  cblonde  is  dissolved  ia  water; 
a  few  drops  of  nitric  acid  are  added,  and  then  an  excess  of  argenti: 
nitrate.  The  precipitated  argentic  chloride  is  then  collected  and 
weighed.  If  the  chloride  is  insoluble,  aa  in  the  case  of  plumbic  ur 
merciirous  chlorideB,  it  is  first  to  be  boiled  with  caustic  potassa : 
the  result  of  this  decomposition  will  be  the  formation  of  soluble 
potassic  chloride ;  and  from  this  the  chlorine  may  now  be  esti- 
mated, as  before,  by  means  of  argentic  nitrate,  by  precipitating 
{rom  the  filtered  solution. 

In  analysing  sulphides  for  the  estimation  of  sulphur,  they  may 
be  decomposed  by  means  of  aqua  regia.  By  this  much  of  the 
sulphur  is  oxidized,  and  converted  into  sulphuric  acid ;  while 
some  ia  sure  to  separate  unchanged,  appearing  aa  oily  yellow 
beads  in  the  solution.  The  liquid  is  therefore  filtered,  and  the 
latter  estimated  by  carefully  drying  the  filter  and  weighing ;  after 
which  it  is  heated  sufficiently  strongly  to  drive  off  the  sulphur, 
and  then  again  weighed ;  the  loss  of  weight  gives  the  quantity 
of  sulphur  unchanged.  The  filtered  solution  is  then  precipitated 
by  baric  chloride  or  nitrate,  and  from  the  weighed  precipitate 
of  baric  sulphate,  the  remaining  sulphur  is  calculated,  and  added 
to  the  amount  before  estimated.  Thus  the  total  amount  con- 
tained in  tlie  sulphide  under  examination  is  arrived  at ;  loo  parts 
of  baric  sulphate  will  correspond  to  just  1374.  of  sulphur. 
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CHAPTER  in. 

SALTS  AND  ALLOYS. 


The  views  conc«miDg  the  formation,  constitutiou,  and  charac- 
ter of  the  claeB  of  bodies  koown  as  metallic  salts,  have  under- 
gone many  changes  aa  chemical  knowledge  has  advanced,  but  it 
may  be  well  briefly  to  review  the  older  opinions  upon  their 
nature,  before  stating  those  held  at  present. 

Any  body  composed  of  an  acid  and  a  base  and  capable  of  being 
oryatalUzed  was  called  a  salt,  and  salts  were  comroonly  obtained 
by  saturating  an  acid  with  a  metallic  oxide ;  or  by  dissolving  a 
metal  in  acid,  and  an  early  division  was  into  neutral,  acid,  luid 
alkaline  salts. 

But  the  division  in  this  manner  by  Berthollet  was  most  falla- 
cious ;  and  in  illustration  of  this,  it  may  be  stated  that  a  salt  may 
appear  to  be  neutral  solely  from  its  insolubility.  Again,  a  neutral 
■alt,  when  soluble,  will,  in  many  cases,  appear  alkaline,  as  in  the 
case  of  alkaline  carbonates ;  while,  thirdly,  true  heavy  metallic 
salts,  if  they  contain  enongh  acid  to  make  them  soluble,  will 
appear  acid,  although  really  neutral  The  test  employed  to  ascer- 
tain these  conditions  is  usually  the  action  of  solutions  of  the  salts 
upon  vegetable  colours.  Thiis  the  blue  tuit  of  litmus  will  be 
immediately  reddened  by  a  trace  of  acid,  and  the  red  again 
restored  to  blue  by  an  alkalL  Or,  in  the  latter  case,  if  a  paper 
stained  yellow  by  turmeric  he  used,  it  will  be  browned,  and  capable 
q(  being  ^ain  restored  by  acid 

The  red  colour  produced  in  the  litmus  is  from  the  setting  free 
of  its  own  acid,  for  it  may  be  said  to  be  a  salt  of  a  peculiar  acid 
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uuited  to  a  feeble  base,  and  this  latter  being  taken  by  the  stronger 
acid  of  the  Bait  under  examination,  the  litmua  a«id  is  liberated. 

Subsequently  the  tenns  neutral,  acid,  and  alkaline,  were 
applied  to  salts  under  other  conditions,  and  a  aalt  was  regarded 
as  neutmJ,  only  when  the  number  of  atoms  of  acid  entering  into 
its  composition  exactly  equalled  the  number  of  atome  of  oxygen 
contained  in  the  base,  as  shown,  for  example,  by  the  two  iron 
sulphates,  which  according  to  the  old  formulte  and  aj-mbols  would 
be  represented  as  Fe  0,  S  0,  for  ferrous  sulphate,  and  Fcj  0„  3  S  0, 
for  ferric  sulphate.  Then  where  an  acid  combined  in  two  propor- 
tionals with  one  of  base  an  acid  or  super  salt  was  formed,  while, 
on  the  other  hand,  one  proportional  of  acid  with  two  of  base  was 
said  to  produce  a  sub  or  alkaline  salt. 

The  first  class  or  neutral  were  also  termed  normal  salts,  when 
formed  on  the  type  above  described. 

In  classifying  salts  they  were  also  divided  into  osysalte,  and 
hydrosalts  or  haloid  salts.  In  the  first  an  oxyacid  as  sulphuric, 
for  instance,  was  said  to  combine  not  with  a  metal,  but  with  its 
oxide  OS  symbolized  above  in  ferrous  sulphate  or  Ag  0,  N  0^  argentic 
nitrate,  Cu  0  SOj  cupric  sulphate  and  so  forth. 

But  inasmuch  as  it  was  found  that  the  second  olaaa  were  not 
composed  of  a  hydro-acid  as  hydro-chloric,  united  with  a  metallic 
oxide,  but  were  really  compounds  of  the  radicle  of  the  acid  with 
the  metal  itself,  these  were  further  termed  haloid  salts,  as  resem- 
bling sea  salt  in  constitution.  For  if  soda  be  saturated  with 
hydro-chloric  acid,  and  the  resulting  salt  crystallized,  it  will  on 
examination  be  found  to  be  a  compound  of  the  chlorine  or  radicle 
of  the  acid,  with  the  sodium  or  metal  of  the  alkali.  The  hydrogen 
of  the  acid  with  the  oxygen  of  the  base  having  combined  to  form 
water,  thus  accoriling  to  present  formidffl  Noj  0  +  1  H  CI  = 
aNaCl  -f-  HgO. 

But  in  simplification  of  these  views  came  the  binary  theory  of 
salts,  first  put  forward  by  Sir  H.  Davy,  and  subsequently  worked 
out  by  Daniell,  Graham,  and  others.  They  considered  that  as  on 
anhydrous  acid,  such  as  sulphuric  or  nitric  acid,  S  O3  or  N  0,  has 
no  acid  properties  until  combined  with  water,  as  S  0»  +  H  0,  or 
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N  0,  4-  H  0  (using  the  old  fonniilte  for  those  acids),  they  mij:lit 
therefore  be  regarded  as  acid  radicles  combined  witij  hydrogcu, 
ftnd  represented  thus  as  H  S  O4,  and  H  N  0^.  Assuming  this,  tlio 
formation  of  salts,  both  in  the  case  of  hydro  and  oxyacids,  is 
brought  about  by  the  aimplo  displacement  of  the  hydrogen  in  each 
case,  by  an  equivalent  quantity  of  a  metaL 

We  now  indeed  write  these  acids  as  Hj  S  O4,  and  H  X  Oj,  and 
views  very  similiir  to  the  above  are  those  now  held  by  chemists 
as  to  the  constitution  of  these  bodies  ;  thus  Odling  says,  '  Bodies 
obtained  from  acids  by  displacement  of  a  metal  for  hydrogen  are 
characterized  as  salts  ; '  and  Miller,  '  Most  chemists  now  regard 
what  were  hydrated  acids  as  a  salt  which  is  a  compound  radicle,  the 
o:sion  of  the  salt  (consisting  of  an  anhydride  -|-  ■  of  O),  united 
with  an  equivalent  of  H,  other  salts  of  the  acid  being  formed  from 
these  hydrogen  compounds  l^  displacement  of  the  H  by  on  eqiii- 
valent  of  metal.'  The  following  formnlfe  may  be  now  given  to- 
show  the  identity  of  the  reaction  in  the  cases  of  hydrogen  acids ; 
thus,  if  we  add  hydro-chloric  acid  to  zinc,  »  H  CI  +  Zn  =  Zn 
01^  +  Hj  evolved,  and  if  sulphuric  acid  then  ;  — 

H,SO^+Zn=ZnSO,  +  H^ 

If,  however,  in  place  of  employing  a  metal  we  act  upon,  its 
oxide  by  the  acid,  in  such  case,  instead  of  evolution  of  hydrogen, 
we  have  the  hydrogen  combining  with,  the  oxygen  of  the  oxide 
with  consequent  production  of  a  proportion  of  water.. 

Thus  2Ha+ZnO  =  ZnCl.+  H,0, 
And     H,SO.+  ZnO  =  ZnSO^-i-H,0. 
Lastly,  there  is  also  a  small  class  of  salts  first  described  as 
such  by  Berzclius,  and  termed  by  him  sulphur  salts.     For  sul- 
phides of  positive  metals  will  in  some  cases  combine  with  sulphides 
of  negative  ones.      Thus  potassic    sulphide   unites    with   arsenic 
sulphide,  or  again,  ammonic  sulphide  with  auric  sulphide.     The 
potossic   sulphide   and    the   ammonic   sulphide    acting   as  bases,.  . 
while  the  arsenic  sulphide  and  auric  sulphide  play  the  part  of 
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Sometimes  we  get  such  sulphur  compouads  capable  of  crystal- 
lization, soluble  in  water,  &c.,  and  with  other  characteristics  of 
salts ;  but  often  they  are  decomposed  by  water.  Indeed,  they  do 
not  constitute  at  all  an  important  cla^s. 

Salts  combine  with  each  other,  and  produce  a  class  called 
double  salts.  In  these,  two  distinct  bases  are  united  with  one 
&c'ui.  It  may  be,  first  in  the  way  of  the  combination  of  two 
neutral  salts  of  the  same  acid,  as,  for  instance,  cupric  sulphate 
with  potassic  sulphate.  In  such  a  perfectly  definite  crystalline 
salt  may  be  obtained  by  dissolving  and  miiing  together  atomic 
proportions  of  the  two  component  salts. 

Auain,  feiTous  sulphate  and  cupric  sulphate  may  be  united; 
and  although  the  crystals  of  the  first  contaiu  7  proportion  ids  of 
water,  while  those  of  the  latter  contain  5,  so  complete  will  be  the 
union  that  the  new  salt  will  agree  in  this  respect  with  the  one 
containing  the  larger  amount  of  water. 

Whcu  a  metallic  salt  has  been  formed  by  the  solution  of  a 
meta'i,  the  simple  evaporation,  so  as  to  drive  off  a  portion  of  water, 
causes  it  to  assume  the  solid  9tat«  in  certain  regular  mathematical 
forms,  called  crj'stals  ;  and  these  forms  are  always  the  some  (with 
certain  modifications)  in  the  same  salt.  Thus  ferrous  sulphate 
always  crystallizes  in  oblique  rhombic  prisms ;  cupric  sulphate  in 
rhombohedral  forms ;  argentic  nitrate  in  four  or  six-sided  tables  ; 
Bodic  chloride  iu  cubes ;  boric  chloride  in  flat,  four-sided  ciystals, 
bevelled  at  their  edges  ; — all,  it  will  be  perceived,  distinct  and,  iu 
the  same  salt,  constant  forms. 

In  cases  of  artificial  crystallization,  the  more  slow  the  process, 
the  finer  and  more  definite  will  be  the  crystalline  forms.  Hence, 
by  exposing  a  strong  solution  to  the  air,  so  as  to  allow  the  water 
to  evaporate  spoutaneously,  we  fulfil  the  conditions  to  perfection  ; 
and  we  therefore  find  in  nature  ciystalline  forms  the  most  perfect 
where  the  deposit  of  solid  matter  has  been  so  exceedingly  slow 
that  it  is  effected  in  the  most  regular  manner  :  thus  many  of  our 
-  ordinary  ores  contain  most  beautiful  crystalline  portions,  some 
being  entirety  crystalline  ;  and  even  the  metals  themselves  arc 
iivqucntly  found  native  iu  perfect  crystals. 
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It  has  been  stated  that  the  same  salts  ciystallize  uniformly  in 
the  same  definite  forms ;  but  thia  law  admits  of  exceptions,  the 
reason  of  which  may  be  here  explained. 

.  If  we  take  an  ordiuaiy  crystal,  and  with  a  knife  attempt  to 
split  it,  it  will  be  found  that  this  can  bo  effected  only  in  certain 
directions,  and  in  such  a  clean  facet  will  be  obtained  ;  but  ih  all 
others  (if  we  succeed  at  all,  and  do  not  actually  crush  it)  we  get 
only  an  irregular,  broken  surface.  Now  the  planes  iu  which  the 
operation  can  be  effected  are  called  planes  of  cleavage  ;  and  as  all 
crystals  have  one  or  more  imaginary  axes,  around  which  their 
particles  are  supposed  to  have  been  built  up,  we  can  cleave  a 
crystal  around- these  in  the  same  relative  directions,  until  we  have 
altered  its  mathematicfJ  form  altogether,  and  obtained  au  equally 
regular  second  one,  which  would  hence  be  colled  the  secondary 
form  of  the  crystaL 

Suppose,  for  example,  a  cube  be  taken,  and  starting  from  a 
central  point  upon  its  upper  face,  the  four  solid 
angles  be  cleft  off  succcsBively,  the  cleft  surface 
being  formed  in  each  case  from  the  point  just 
mentioned,  down  to  the  centre  of  each  edge  ; 
then,  if  we  turn  the  crystal  upside  dowu,  and 
repeat  the  operation,  starting  from  the  some 
point  of  the  opposite  face,  a  re^ar  octahedron  Fiy.  8. 

would  result.  Again,  by  similar  moans,  but  by  removing  the 
twelve  edges  of  the  perfect  cube,  instead  of  the  angles,  we  should 
obtain  the  dodecahedron  ;  or,  lastly,  from  the  same  primary  form, 
a  tetrahedron  may  be  obtahied,  by  cleaving  off  alternate  angles 
only. 

Now  it  will  be  readily  perceived,  that  in  nature's  laboratory  a 
slight  disturbing  force  may  frequently  come  into  play  during  the 
aggregation  of  particles  going  to  form  a  crystal,  and  may  hence 
interfere  with  the  completion  of  the  perfect  primary  form.  Thus  a 
great  variety  of  secondaiy  ones  will  arise,  for  in  the  progress  of 
building  up  a  crystal,  which  is,  of  course,  the  reverse  action  to  the 
kind  of  dissection  above  described,  we  may  see  bow  growth  may 
accidentally  be  stopped  in  some  directions ;  indeed,  it  very  cum- 
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luoiily  18  fio  ;  and  henoe  we  seldom  get  either  primary  or  secondary 
forms  quit*  perfect.  But  the  disturbing  force  being  some  intenml 
one,  acting  upon  the  ultimate  particles,  haa  influence  alike  upon 
all  parts  around  each  axis,  except  where  hindered  by  external  in- 
terference, as  where  a  crystal  rests  upon  the  vessel  in  which  it  is 
forming  ;  other«'ise  the  modifications  produced  are  symmetrical  on 
all  sides,  from  which  &ct  the  crystalline  axes  are  called  '  axes  of 
symmetry.' 

The  secondary  forms  which  calcic  carbonate  assumes  in  nature 
may  be  instanced  to  illustrate  the  great  extent  to  which  these 
may  be  carried,  for  about  fitty  distinct  forms  have  been  examined 
aud  measured.  But,  in  all  cases  of  secondary  forma,  there  are 
always  two  or  three  which  are  more  common  than  others,  and 
which  are  hence  called  governing  forms. 

Crystals  have  been  classed  into  six  systems,  the  classification 
being  founded  upon  the  position  of  their  parts  in  reference  to  their 
imnginaiy  axes. 

Calcic  carbonate  has  been  mentioned  as  an,  instance  of  great 
variety  of  secondary  forms,  but  amongst  these  some  belong  to 
different  systems,  which  forms  ore  consequently  incompatible ; 
that  is  to  tay,  jou  could  never,  by  cleavage  of  the  one,  obtain  the 
secondary  form  of  the  other.  Such  salts  are  said  to  be  dimorphous 
in  form. 

On  the  other  hand,  where  substances  assume  the  same  crys- 
tallme  form,  although  difiering  in  chemical  composition,  they  are 
said  to  bo  isomorphoua.  Thus  it  will  be  evident  that  the  com- 
position of  a  compound  cannot  be  decided  upon  by  the  simple 
knowledge  of  its  exact  crystalline  form,  as  was  formerly  supposed. 

During  the  formation  of  crystals  a  large  amount  of  water  is 
taken  up  with  them.  One  portion  is  necessary  in  giving  and 
preserving  crystalline  form,  and  this  is  called  water  of  ciystal- 
iization.  A  second  portion  is  necessary  to  the  actual  existence  of 
the  salt,  and  hence  is  called  constitutional  water.  The  difference 
between  these  may  be  explained  in  the  case  of  crystals  of  zincic 
sulphate.  These  contain  7  oquiTalonta  of  water.  Now,  if  they  niffp 
are  heated    to    112°  P.  =  too  C.  6   etjuivaUnts  are  driven   off. 
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and  the  form  of  the  crystal  ie  destroyed,  but  the  remaiuing  one  is 
retained  firmly  united  ;  if,  however,  the  heat  be  carried  up  to  about 
410°  F.  ^  110  C,  we  separate  this  remaining  one  also.  The  first 
six  are  water  of  crj-atallization,  the  seventh,  water  of  constitution, 

la  the  case  of  some  salts  the  water  of  crystallization  is  held  ao 
loosely  that  the  simple  exposure  to  air  (especially  dry  air)  suffices 
to  set  it  free ;  and  the  result  ia,  that  crystalline  structure  is  lost, 
and  the  aalt  crumbles  down  to  a  complete  powder.  This  ia  called 
efflorescence. 

Salts  differ  very  widely  in  their  affinity  for  water,  or,  in  other 
words,  in  solubility.  Some  have  so  great  on  affinity  for  it,  that 
they  will  even  melt  in  the  water  of  crystallization  :  these  are  said 
to  deliquesce.  On  the  other  hand,  others  require  so  large  a  quan- 
tity of  water  for  solution,  that  they  are  nearly  insoluble ;  while 
many  are  quite  so. 

But  the  solubility  of  a  salt  varies  very  much  with  the  tempera- 
ture of  the  water  employed  ;  and  this  property,  added  to  the  fact 
that  salts  also  differ  very  widely  in  tlieir  solubility  amongst  them- 
selves, affords  us  a  ready  means  of  purifying  many  metallic  salts. 
It  is,  for  this  end,  only  necessary  to  take  the  crystals  of  a  salt, 
dissolve  them  iu  boiling  water,  and  liltcr  the  solution,  so  as  to 
separate  any  mechanical  impurities ;  tlien  t<i  set  the  solutioji 
aside  ;  as  it  cools  crystals  will  be  reformed.  These  are  to  be  taken 
from  the  solution,  or  mother  liquor,  drained,  and  again  dissolved 
and  ciystallized ;  and  after  two  or  three  such  operations  the  snlt 
will  generally  be  found  tolerably  pure,  the  impurities  being  re- 
tained in  these  mother  liijuors. 

I^  however,  the  process  be  slow,  the  crystals  will  bo  large,  and 
apt  to  retain  a  quantity  of  mother  liquor  in  their  interstices,  and 
hence  will  be  less  pure  than  quicker  formed  compact  crystals. 

Water  is  frequently  mechanically  enclosed  in  the  atnicture  of 
a  crystal,  and,  where  this  is  the  case,  it  will  fly  to  piecea  with  a 
crackling  noise,  upon  being  heated.  Such  salts  are  said  to  decre- 
pitate ;  and  it  is  found  that  decrepitation  is  loudest  in  those  which 
contain  no  water  of  crystallization. 

If  it  be  desired  to  obtain  large  crystals  of  a  salt,  it  may  be 
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effected  in'  proportion  as  we  cool  down  the  solution  very  graduiilly, 
or  allow  the  evaporation  of  a  less  saturated  one  to  go  on  ston'Iy. 
Thus  manufacturers  Bomettmea  cover  crystallising  vessels  with 
non-conducting  substances,  so  as  to  hUow  of  time  for  slow  crystal- 
lisation ;  for  where  this  takes  place  rapidly  it  is  always  more  or 
less  confused. 

In  slowly  growing  crystals,  as  this  operation  may  be  termed, 
light  has  a  singular  influence,  for  it  is  found  that  the  crystallino 
asea  always  turn  towards  it. 

Crystals  form  better  when  the  containing  yessci  of  the  solution 
liaa  a  rough  surface,  so  as  to  atford  pointa  whence  the  action 
etarts ;  and  it  is  Bometimes  found  that,  even  when  the  solution 
contains  more  of  the  solid  salt  than  it  is  ordinarily  capable  of 
dissolving,  yet  cryatalliaation  will  not  be  set  up ;  but,  in  such  a 
case,  the  introduction  of  a  stick  or  piece  of  string  will  at  once 
determine  the  action,  by  withdrawing  a  small  portion  moro  of  the 
water,  when  the  salt,  receiving  this  impetus,  will  at  once  crystal* 
Use  round  this  foreign  nucleus. 

Many  metallic  compounda  may  be  sublimed,  that  is,  volatilized 
by  heating;  and  as  their  vapour  cools  it  redeposits,  and  commonly 
in  crystaJline  form :  thus  ferric  chloride,  mercurous  and  mercuric 
chlorides,  and  arsenious  anhydride  (arsenious  acid)  may  be  crys- 
tallized by  sublimation. 

The  tnetala  themaelvea  may,  in  very  many  cases,  be  obtained 
jn  crystals,  and  by  analogous  plane  to  those  pursued  in  salts,  viz. 
rondering  them  fluid,  and  causing  their  solidiiication  to  take  place 
very  slowly  :  thus  bismuth  is  often  got  in  most  beautiful  regular 
forms.  A  quantity  is  melted  in  a  ladle,  and  the  ladle  then  placed 
in  Bome  hot  coab,  a  dish  also  covering  it,  and  containing  similar 
hot  fuel.  In  this  way  coohng  goes  on  veiy  slowly,  and  when  a 
crust  has  formed  on  the  surface  it  is  pierced,  and  the  portion  in 
the  centre  yet  remaining  fluid  is  quickly  poured  out.  The  mass  is 
then  found,  on  opening  it,  lined  with  crystalline  forms. 

Tin  may  be  also  crystallized  by  slow  cooling  after  fusion. 

The  author  has  also  crystallized  gold  by  allowing  a  melted 
mass  to  solidify  very  slowly — in  fact,  for  some  hours  letting  dowu 
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the  temperature  to  the  point  Then,  fay  dissolving  out  the  Burface 
metal  by  a  menstnium  having  but  feeble  power  of  afitioD,  the  crys- 
talline structure  of  the  interior  is  developed. 

Gold  and  eilver  are  also  frequently  obtained  in  ciystatliue  form 
by  slow  reduction  from  their  compounds.  They  are  also  frequently 
found  in  the  native  condition  crystalline. 

Lead  may  be  crystallized  by  fusion  and  slow  cooling,  as  in 
PattiuBon'a  operation,  the  crystals  being  comparatively  pure ;  but 
antimony,  which  is  commercially  found  crystalline,  is  so,  depend- 
ent upon  its  impure  condition ;  for  Matthiesen  has  shown  that 
pure  antimony  does  not  crystallize. 

Lastly,  ci-ystalline  form  in  a  metal  often  results  from  slow 
action  during  its  electro-deposit :  thus,  as  will  be  hereafter  shown, 
tin  may  be  obtained  in  beautiful  dendritic  crystals. 

The  metals  crystallize  either  under  the  cubic  or  the  rhombo- 
bedral  systems. 

AUoyt. — Compounds  of  metals  with  each  other  will  retain  alt 
the  physical  properties  of  pure  metals,  but  always  in  very  modified 
degrees.  Such  compounds  are  called  alloys,  but  where  mercury 
enters  into  the  combination,  and  consequently  tlie  mixture  is 
more  or  less  fluid  or  pasty  in  teiture,  they  are  then  termed  amal- 
gams. Few  metals  as  commonly  met  with  are  free  from  miitiue 
of  others,  although  the  foreign  one  is  commonly  in  veiy  small 
proportion ;  but  as  pure  metals  are  rarely  fit  for  mechanical  or 
economic  uses  without  alloy,  such  additions  are  usually  mode  as 
by  experience  are  known  to  render  them  fit  for  their  required 

Although  we  do  at  times  find  alloys  in  nature  which  are 
formed  in  definite  proportions,  and  are  true  chemical  compounds, 
yet  they  are,  as  commonly  formed,  simple  miitures  of  the  con- 
stituents, and  hence  may  be  made  in  any  relative  proportions. 
This  state  of  union  often  gives  them  a  great  tendency  to  separate ; 
and  thus  in  some  alloys  of  silver  and  copper  we  find  certain  parts 
of  a  bar  formed  of  them  uniformly  richer  in  silver  than  the  other 
parts.  In  such  a  case  the  separation  is  but  slight  and  partial, 
a  small  portion  only  of  the  alloy  flying  off  towards  the  edges  of 
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the  bar,  and  rendering  that  part  poorer.  But  BometimeB  t)ie 
mixture  of  two  metals  is  so  purely  mechanical  that  if  a  fused 
portion  be  allowed  to  stand,  the  components  will  separate,  and 
the  one  possessiug  the  highest  specific  gravity  will  subside  to  the 
bottom,  while  the  lighter  one  rises  to  the  surface  in  the  melting 
pot  This  separation,  however,  is  rarely  quite  complete,  for  each 
metal  will  retain  a  portion  of  the  other.  Thus  Matthiesen  found 
that  on  melting  equal  parts  of  lead  and  zinc,  and  after  well  miz' 
iug,  allowing  the  alloy  to  cool  slowly,  they  separate,  but  the 
heavier  lead  on  subsiding  retains  i  '6  per  cent  of  the  zinc  alloyed 
witli  it ;  while  on  the  other  hand,  the  upper  layer  of  zinc  thrown 
out  retains  I's  per  cent  of  lead.  And  bismuth  and  dno  similarly 
treated  separate  in  like  manner,  the  upper  einc  alloying  with  2-4. 
per  cent  bismuth,  while  the  lower  layer  of  bismuth  retains  9  to  14 
per  cent  of  zinc" 

In  his  two  elaborate  papers,  he  says,  '  A  solid  alloy  may  be, 
ist,  a  solidified  solution  of  one  metal  in  another;  or  znd,  a  che- 
mical combination ;  or  3rd,  a  mechanical  mixture ;  or  4tli,  a 
solidified  solution  or  mechanical  mixture  of  two  or  all  of  the  above.' 
And  he  similarly  divides  the  liquid  alloys  ;  defining  a  solidilied 
solution  as  a  perfectly  homogenous  diffusion  of  one  body  in 
another,  illustrating  it  by  glass,  which  is  formed  iu  the  liquid 
state  at  a  high  temperature,  and  soUdiSes  on  cooling  without  sepa- 
ration of  the  different  silicates. 

It  has  been  said  that  physical  properties  are  modified  in  alloy- 
ing metals.  Thus  colour  is  more  or  less  atfected.  It  may  often 
be  such  Hn  would  result  from  the  combination  of  the  colours  of 
the  metals  forming  the  alloy ;  as,  for  example,  the  yellow  of  brass, 
where  zinc  a  bluish  metal  ia  mixed  with  the  orange  red  copper. 
But  it  is  also  often  very  widely  different  Thus  gold  with  any 
quantity  of  silver, — three  parts  of  silver  to  seven  of  gold,  for 
instance, — gives  a  pure  green  alloy.  Again  a  small  quantity  of 
nickel,  a.  grey  metal,  when  added  to  brass,  will  produce  an  alloy 

•  Rpport  on  the  Chemical  Nature  of  Alloys.  From  the  Report  of  the 
Bnli-h  Assucialion  for  the  Advnnrrmeat  of  Scitiic'e  for  i36]  ;  also  '  On  Ailofx; 
Journal  of  Ikt  C«nni«ii«ocie(j,  1867,  page  101. 
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of  almost  silvery  whiteness;  and  many  aimilar  examples  miglit 
be  given. 

Hardness  is'  much  affected,  and  iisually  increased.  Thus  the 
mixture  of  the  two  soft  metals  tin  and  copper  will  produce  b.  very 
hard  alloy.  One  part  of  tin  to  two  of  copper  is  exceedingly  hard, 
and  consequently  susceptible  of  so  high  a  polish  as  to  be  employed 
for  the  reflectors  of  telescopes,  &c.,  under  the  name  of  speculum 
metal 

Copper  with  zinc  in  proper  proportion,  will  give  a  brass  afford- 
inga  wire,  which  when  hard  drawn  is  almost  equal  to  steel  for  small 
springs,  and  in  some  cases  of  more  usef^il  application.  And  a 
small  per-centage  of  tin  increases  its  hardness.  But  a  small  per- 
centage of  lead  will  quite  destroy  its  ductile  property,  although 
it  renders  the  brass  more  fit  for  turning  purposes. 

The  addition  of  alloying  metals  to  silver  or  gold,  for  the  for- 
mation of  plate  or  coin,  is  merely  for  the  purpose  of  giving  them 
hardness  equal  to  resisting  the  effects  of  wear  upon  them.  But 
the  hardening  may  be  carried  too  far,  and  an  alloy  then  results 
which  abrades  and  grinds  away  under  wear.  What  is  required  in 
such  cases  is  a  judicious  mixture  of  metals,  which,  while  affording 
sufficient  hardness,  retains  to  a  great  extent  the  tough  condition 
of  the  principal  metal.  Thus  a  much  more  durable  coin  is  pro- 
duced, as,  for  example,  in  our  old  guinea,  where  the  gold  was 
standarded  by  copper  and  silver  in  equal  proportions,  from  the 
fiict  of  such  an  alloy  producing  the  required  condition  to  per- 
fection. 

Malleability,  ductility,  and  tenacity  are  often  much  modified 
in  metals  by  their  being  alloyed,  the  two  former  being  diminished 
by  it ;  indeed,  an  alloy  of  two  ductile  and  malleable  metals  will 
frequently  become  very  brittle.  Thus  a  mere  trace  of  lead  (itself 
malleable),  when  added  to  gold,  will  entirely  destroy  the  malle- 
ability of  the  latter,  rendering  it  quite  brittla 

A  brittle  and  a  ductile  metal  generally  afford  a  brittle  alloy  ; 
and  so  antimony,  when  added  to  gold  to  the  extent  only  of 
1900th  part,  will  make  the  gold  quite  unworkable  from  its  pre- 
sence, although  in  such  small  proportion. 
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Tenacity  is  usually  very  much  increased,  and  in  Mtitthiesen's 
experiments  upon  this  the  following  curious  results  were  obtained, 
employing  wires  of  the  same  guage  the  following  weights  ruptured 


Copper     15-30  lbs.    Copper  with  12  per  cent.  Tin     80-90  lbs. 


Tin  uudcr  7  , 
Lead  under  7  „ 
Gold  ZO-15  „ 
Silver  45-5°  n 
Platinum  45-50  „ 
Iron  80-90  „ 


Tin  with  11  per  cent.  Copper,  about  7  , 
Tin  with  Lead    .  .     under  7  , 

Gold  with  Copper        ,         .  70  , 

Silver  with  Platinum  .         .       75-80  , 

Steel  (or  Iron  with  Carbon)  above  200  , 


It  m^ht  be  expected  that  a  mixture  of  two  metals  would  have 
a  specific  gravity,  the  mean  of  the  two ;  and  this  is  sometimeB 
true,  but  by  no  means  universally  ao,  for  in  some  cases  condensa- 
tion takes  place,  and  so  we  get  ihe  specific  gravity  increased ;  at 
others  expansion,  which  correspondingly  diminishes  the  specific 
gravity.  But  the  remarks  made  at  p.  24  upon  the  method  of 
calculating  the  specific  gravity  of  alloys  must  be  borne  in  mind 
also  in  estimating  them. 

Alloys  are  generally  more  readily  oxidi2able  than  their  consti- 
tuents ;  and  the  superior  oiidizabUity  of  one  constituent  of  an 
alloy  appears  to  be  assisted  by  galvanic  action  set  up.  This  is 
always  the  cose  where  an  electro-negative,  or  acid-forming  metal, 
is  alloyed  with  an  electro-positive,  or  base-producing  one.  Chem- 
ical action  is  therefore  generally  more  energetic  on  an  alloy  than 
upon  a  simple  metal ;  and  indeed  metals  which  are  untouched  by 
an  acid  when  alone,  will  be  acted  upon  by  the  same  acid,  when 
alloyed  with  another  which  is  soluble  in  the  acid  employed.  Thus 
platinum  is  quite  insoluble  in  nitric  acid,  but  if  it  be  alloyed  with 
a  large  proportion  of  silver,  it  will  be  dissolved  with  the  silver  by 
the  nitric  acid,  and  that  to  the  extent  of  a  tenth  of  the  weight  of 

Atmospheric  oxidation  is , likewise  more  active  upon  a  fused 
alloy,  and  hence  certain  precautious  are  needed  in  fusing  them  in 
order  to  maintain  their  composition.     In  alloys  of  tin  with  copper, 
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or  with  lead,  or  of  ziuG  with  copper,  it  is  better  to  fuse  the  metal 
first  which  requires  the  highest  temperature  for  its  fiiaion,  and 
then  to  add  the  more  eaaU;  fusible  one  j  and  as  a  further  precau- 
tion, to  cover  the  melted  surface  with  a  layer  of  charcoal  And 
the  latter  is  especially  needed  in  mixtures  of  gold  and  copper,  or 
of  silver  and  copper,  to  prevent  oxidation  of  the  copper,  and  con- 
sequent elevation  of  the  standard  of  the  metal,  with  corresponding 
lOM  of  weight.  And  it  is  perhaps  almost  needless  to  remark  that 
all  alloys  should  be  carefully  stirred,  so  as  thoroughly  to  mix  them 
just  before  pouring. 

Alloys  crystallize  equally  with  pure  metals,  and  in  some  cases 
alloying  a  metal  favours  crystallization.  Thus  commercial  aati- 
mony,  which  contains  small  amounts  of  other  metals,  is  always 
crystalline ;  while  the  pure  metal,  which  is  difficult  of  crystalliza- 
-Uon,  will  readily  do  so  on  the  addition  of  a  very  small  proportion 
of  tin  or  zina  Gold  and  mercury,  and  also  eilver  and  mercury, 
both  ciystallize  in  four-atded  prisms ;  and  indeed  it  is  in  those 
alloys  where  mercury  is  present  that  true  chemical  combinations 
are  more  commonly  found.  Some  have  thus  been  formed  by 
artificial  means,  as  those  of  mercury  with  copper,  tin,  zinc,  and 
lead  ;  and  by  first  forming  semi-solid  amalgams,  and  then 
subjecting  them  to  enormous  pressure  by  the  hydraulic  press. 
Joule  by  such  a  [Jan  formed  amalgams  of  the  following  composi- 
tions, Hg  Cu  ;  Hg  Fe  ;  Hg  Zn ;  Hg  Pb. ;  and  Hg  Sii,. 

But  the  existence  of  these  crystalline  alloys  in  definite  propor- 
tion, ia  no  proof  that  all  such  combinations  capable  of  crystallisa- 
tion are  therefore  necessarily  chemical  combinations,  for  many 
may  be  found  even  amongst  solid  alloys,  as  in  those  of  gold  with 
tin,  where  the  relative  proportions  uf  the  metals  may  be  much 
varied,  and  yet  with  the  same  crystalline  form  of  alloy. 

The  fusing  point  of  alloys  is  uniformly  lower  than  the  mean  of 
those  of  their  constituents ;  and  Matthiesen  says  in  explanation 
of  this,  that  '  It  is  generally  admitted  that  matter  in  the  solid 
Btat«  exhibits  excess  of  attraction  over  repulsion,  whilst  in  the 
liquid  state  these  forces  are  balanced,  and  in  the  gaseous  state 
repulsion   predominates   over   attraction.       Let   us  assume  that 
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aimilor  particles  of  matter  attract  each  other  more  powerftilljr 
than  dissimilar  onea  attract  each  other.  It  will  then  follow  that 
the  attraction  Hubsiating  between  the  particles  of  a  mixture  will 
be  sooner  overcome  by  repulsion  than  will  the  attraction  in  the 
case  of  a  homogeneous  hodj ;  hence  mixtures  should  fuse  more 
readily  than  their  constituents.'  A  most  useful  practical  applica- 
tion of  the  fact  is  made  in  the  uee  of  solder  for  soldering  or 
imiting  metals  by  metfl.1 ;  we  usually  employ  a  solder  whose  base, 
or  main  constituent,  is  the  metal  we  are  using  it  for ;  and,  by  the 
addition  of  small  quantities  of  other  metals,  we  are  enabled  to 
lower  the  fiising  poiut  of  the  solder  in  a  most  gradual  and  regular 
way,  according  to  the  amount  and  nature  of  such  addition,  by 
which  we  adapt  it  to  its  particular  use,  in  such  manner  as  that 
the  work  itself  may  remain  untouched  by  the  lower  heat  which 
is  all-sufficient  to  run  the  solder. 

Some  curious  examples  of  the  effects  of  alloying  upon  the 
fusing  points  are  afforded  in  alloys  of  tin  and  lead  to  which 
bismuth,  or  bismuth  and  cadmium  are  added.  Tin  melts  at 
44.2°  F.  or  IJ7"8  C,  and  lead  at  617°  F.  or  325°  C. ;  now  an 
alloy  of  lead  3,  with  tin  i  part,  ftises  at  541°  F.  or  283°  C, 
and  by  increasing  the  relative  quantity  of  tin  it  may  be  dimi- 
nished yet  further  in  all  cases  to  points  much  below  the  mean. 
But  if  we  add  bismuth  to  the  alloy  (a  metal  whose  fusing 
point  is  507*^  F.  or  264°  C),  we  lower  it  as  of  such  an  alloy 
to  about  206°  F,  or  g6°-6  C,  that  is,  below  the  boiling  point 
of  water ;  aud  further,  by  adding  a  small  quantity  of  cadmium 
also,  We  may  bring  the  degree  of  fiision  down  to  140"  F.  or 
60°  C. 

There  are  some  other  remarkable  points  we  may  notice  in  this 
place  concerning  these  lead  and  tin  alloys.  Thus,  if  fused  and 
poured  out,  just  before  cooling,  the  actual  partial  separation  is 
visible  to  the  eye ;  for  the  surface  of  the  metal,  if  tolerably  rich 
in  tin,  will  be  covered  with  bright  spots  which  if  examined  are 
found  of  uniformly  different  composition  to  the  surrounding  alloy 
iu  which  they  are,  as  it  were  enfolded. 
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Pillichody,  of  Berne,*  haa  shown  too  that  alloys  of  tin  aiid 
lead  solidify  uniformly  at  357°  F.  or  181°  C,  aod  when  the 
solidifying  point  is  looked  for,  the  thermometer  immersed  in  the 
melted  alloy  usually  exhibits  during  the  passing  of  the  mass  from 
the  liquid  to  the  solid  state,  two  stationary  points.  '  This  effect 
is  due  to  the  separation  of  one  or  other  of  the  component  metals, 
while  an  alloy  of  constant  composition  still  remains  liijuid.  This 
alloy  has  the  composition  Sn,  Pb.  An  alloy  richer  in  lead  would 
fint  deposit  lead,  and  an  alloy  containing  a  larger  proportion  of 
tin  would  first  deposit  tin ;  the  alloy  Sog  Pb,  remaining  liquid  for 
a  longer  or  shorter  time,  and  ultimately  solidifying  at  about 
iSi**  C.  (=337°  F.).  This  temperature  therefore  corresponds 
to  the  lowest  melting  point  that  can  be  exhibited  by  on  alloy  of 
tin  and  lead,  a  larger  proportion  of  either  metal  causes  the  tem- 
perature to  rise.' 

The  difference  of  temperature,  between  fusing  and  solidiiying 
points,  may,  as  has  been  suggested,  depend  on  the  existence  of 
true  chemical  combinations  of  the  metals  which  may  be  called 
into  eiiatence  at  higher  temperatures,  and  consequently  while  they 
are  in  the  liquid  condition,  but  which  suffer  decomposition  again 
on  cooling  down,  and  that  then  partial  separation  takes  place 
again. 

Peculiarities  in  certain  alloys  will  be  considered  under  their 
respective  heads. 

*  On  Fhyucal  FropeitieB  of  AIIo;«  of  Tin  and  Lead,  ly  Profeg^or  Bollera. 
— Journal  q/tht  Chemical  Socitti/,  toI.  it.  page  jo.  S^Aj/ 
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CHAPTER  IV. 


OS  HB&TIHO  APPARATUS, 

TsE  various  forms  of  fiiniMes,  and  other  arrangements  for  the 
application  of  heat,  are  of  the  fiiat  importanoe  to  the  metallurgist, 
not  only  that  thej  may  be  effective  for  the  operations  required  of 
them,  but  also  that  these  ma;  1m  carried  out  with  due  economy 
in  the  amount  of  fuel  expended. 

Although  varying  in  size  as  seen  when  the  large  blast  arrange- 
menta  of  iron  and  other  smelting  works  are  compared  with  the 
like  but  small  apparatus  of  the  experimental  laboratory ;  or  agun, 
when  the  more  recent  adaptation  of  gaseous  fuels,  both  to  laige 
and  small  operations,  is  looked  into,  we  may  observe  that  the 
same  principles  hold  good,  whether  in  such  lai^ge  operations  or  in 
the  miniature  ones  of  the  laboratory. 

Heating  apparatus  may  be  considered  under  two  claaaea  :  first, 
the  various  methods  of  applying  gases,  either  specially  generated, 
or  eke  obtained  as  waste  products  from  the  combustion  of  solid 
fuels  iu  other  operations  ;  and,  secondly,  furnaces  adapted  to  solid 
fuels,  as  in  the  various  forma  of  melting,  reverberatoiy,  muffle, 
and  other  furnaces. 

Both  these  classes  may  be  subdivided  into  wind  and  blast 
arrangements.  By  the  former  is  meant  such  adaptation  of  the 
various  parts  of  the  furnace  as  shall  ensure  sufficient  draught 
without  assistance ;  but,  in  the  latter,  this  draught  is  increased, 
or  produced,  by  bellows,  or  some  blowing  apparatus. 

Tlie  employment  of  gas  as  a  fuel  was  formerly  confiued  to  the 
*  oiperimental  laboratory,  and  eveu  here  the  appUcation  has  in- 
vcreased  from  simple  burners  and  blow-pipe  apparatus,  to  the  many 
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forms  of  gas  f\iniac«B  for  melting,  muffle  work,  &g.  ;  but  it  is  in 
Isrge  works  tliat  we  have  equally  benefited  by  its  introduction, 
and  by  it  the  highest  temperatures  are  now  obtained,  equal  indeed 
to  the  ftiaion  of  ateel,  and  similar  operations. 

Mr.  Siemens,  to  whom  metallurgists  are  largely  indebted  for 
his  '  regenerative '  gas  furnace,  saye  that  the  '  advantage  of  em- 
jdoying  the  fatii  in  the  manageable  form  of  gas  is  that  the  rate 
of  combustion  may  be  r^ulated  at  pleasure  to  produce  an  active 
heating  flame  of  any  length,  from  little  more  than  two  feet,  as  in 
the  pot  steel  melting  furnaces,  to  thirty  feet,  as  in  the  largest 
fiimaceB  for  the  fusion  of  plate-glass ;  and  the  most  intense  heat 
may  be  thrown  exactly  upon  the  chai^  ;  the  ends  of  the  furnace 
and  the  apertures  through  which  the  gas  and  air  are  introduced 
being  actiudly  protected  from  the  beat  by  the  currents  of  unbumed 
and  comparatively  cool  gases  blowing  through  them,  and  only 
Tti^'T'g  and  burning  at  the  very  point  at  which  the  heat  is  re- 
quired, and  where  it  is  taken  up  at  once  by  the  materials  to  be 
fused  or  heated.  This  is  qf  especial  importance  in  the  case  of 
those  Aimaces  in  which  a  very  intense  heat  is  employed." 

A  lamp  is  an  instrument  of  common  use  in  the  laboratory, 
and  where  liquid  fiiel  is  the  source  of  heat  this  fuel  is  bo  brought 
under  the  influence  of  a  high  temperature  as  to  cause  its  decom- 
position ;  and  the  attendant  flame  is  hence  the  result  of  the  com- 
bustion of  the  gaa  generated.  This  is  composed.  o£  hydrogen, 
with  varying  quantities  of  carbon,  dependent  upon  the  kind  of 
fuel ;  at  times,  portions  of  carbonic  oxide  are  also  given  off  and 
burnt.  Where  a  flame  is  very  luminous,  the  gas  is  rich  in  carbon, 
and  the  luminosity  is  much  dependent  upon  air  being  supplied 
juat  in  the  proper  proportion  to  ensure  its  combustion,  when  it  is 
thrown  off  as  luminous  particles.  If,  on  the  contraiy,  the  air 
supply  be  insufGcient,  imperfect  combustion  is  the  result,  and 
much  escapes  in  the  solid  form,  when  we  get  a  smoky  fiame  which 
will  deposit  this  unbumed  matter  as  soot. 

Now,  for  heating  purposes,   the   conditions  required   in  this, 

•  C&cnicaf  Jiiymal.  New  Ssries.  toI.  vi.  nasi  aoS. 
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particular  are  much  the  same  ;  for  the  smoky  flame,  from  the 
imperfect  supply  of  oxygen,  is  an  crideuce  of  the  weakness  of  its 
power,  and  is  as  un6t  for  beating  as  for  alfording  light. 

Hence,  nliere  ne  are  unable  to  increase  the  draught,  as  in 
lamps  with  cylindrical  wicks,  it  is  better  for  moderate  heats  to 
employ  alcohol.  This  gives  off  no  imbumed  carbon,  and  affords 
a  clear  bine  non-luminous  flame.  Oil  may  be  used  in  the  same 
way,  but  its  flame  is  very  smoky,  and  hence,  except  for  blowpipe 
lamps,  it  is  little  employed  in  metallui^c  operations,  having  beeu 
superseded  by  cool  gas.  Wherever  coal  gas  can  be  obtained  it  af- 
fords a  most  valuable  fuel,  for,  in  the  ordinary  way,  we  can  generally 
adjust  a  burner  just  to  the  point  at  which  the  air  supply  suffices 
for  tolerably  perfect  combustion :  but,  of  late,  so  many  excellent 
arrangements  have  been  mode  for  mixing  the  gas  with  atmospheric 

wr,  and  then  burning  the  mixture, 

|H  that   such    is    now  the    common 

^1  method  of  using  it ;  and,  indeed, 

^H  by  this  means  only  we  are  able 

^H  to  obtain  its  maximum  heating 

^^M  power. 

^^H  The  most  simple  way  of  effect- 

^^H  ing  this,  upon  the  small  scale,  ia 

^^^K  by  a  burner  known  as  '  Bunsen's,' 

^^^H  now  much  iu  use  in  the  labora- 

^KK  tory.     It   consists   of  a  tube   to 

^^V  supply  the  gas,  which  terminates 

^^M  by  a  rather  large  jet,  placed  in 

^^^^^^^^^^^^      the  interior  of  a  second  tube,  and 

^^^^I^^^^V      in  the  smallest  burners  this  tube 

^^H^^^^^^^^^       would  be  of  about  half  an  inch  dia- 

^^^H^H^^^^  meter  by  flve  inches  long,  the  jet 

opening  at  the  lower  part  of  this. 

Opposite  the  end  of  the  jet,  but 

in  the  outer  tube,  is  formed  a  ring  of  rather  large  air-holes.  These 

are  better  if  provided  with  a  sliding  ring  of  brass  (omitted  in  the 

section),  in  order  to  contract  their  openings  as  necessaij.     Nov 
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upon  turning  on  a  supply-eock,  the  gas  ruahee  up  through  the 
outer  tube  from  the  jet,  and  dra^s  in  a  quantity  of  atuioapheno 
air  by  the  holes  in  the  former,  which,  mixing  with  the  gas,  iaaues 
by  the  top  end.  At  the  expiration  of  a  momeut  or  two  it  may  be 
lighted,  and  the  flame  then  regulated  to  a  clear  blue  colour,  by 
admitting  more  or  lesa  gas,  or  by  cutting  0?  the  air  to  the  requi- 
site degree. 

Thus  we  get  a  somewhat  roaring  flame,  near  the  apex  of  which 
a  very  intense  heat  is  afforded ;  so  that,  with  the  instrument  here 
figured,  a  tolerably  good-sized  platinum  crucible  may  be  rapidly 
heated  to  bright  redness.  The  instrument  here  figured  is  made 
in  steatite,  an  incombustible  mineral,  which,  being  a  very  bad 
■  conductor  of  heat,  will  remain  perfectly  cold  at  its  lower  part, 
although  a  hot  flame  is  burning  at  the  top  ;  but  larger  and  more 
powerful  burners  are  made  in  brass,  and  burners  upon  the  same 
principles  are  now  lai^ly  employed,  where  the  mixture,  instead 
of  issuing  from  a  single  chimney,  as  in  this  case,  is  made  to 
usue  by  a  series  of  smalt  holes,  passing  horizontally  into  the  cir- 
cumference of  a  hollow  disc,  in  which  the  tube  is  made  to  termi- 
nate. Thus  a  rosette  of  small  jets  is  obtained.  This  disc  may 
vary  in  size  fixim  i  inch  to  i  or  more  in  diameter.  Again,  an 
excellent  arrangement  is  made  on  the  same  principles  for  beating 
a  glaaa  tube  by  employing  a  horizontal  pipe,  fixed  in  the  lower 
part  of  a  wedge-shaped  esse.  The  gas-delivery  holes  should  be 
bored  into  the  sides  of  the  pipe,  and  the  upper  sharp  edge  of  the 
wedge  has  a  slit  left  open  throughout  its  length.  At  this  slit  the 
gas  mixture  is  inflamed,  and  the  tube  we  desire  to  heat  arranged 
just  above  ^e  flame. 

But  a  moderate  temperature  only  is  obtainable  by  a  single  slit. 
An  essential  condition  in  all  these  burners  is  that  the  point  of 
combustion  should  be  sufficiently  high  above  the  deliveries  of  the 
gas  to  allow  the  gas  and  atmospheric  air  to  mix  properly  before 
combustion. 

The  author  has  for  several  years  mode  much  use  of  a  larger 
gas  fiimace,  made  upon  the  Bunsuu  principle.  It  is  formed  of  a 
cylinder  of  brass  3  J  inches  iu  diameter,  and  10  inches  high ;  this 
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is  left  open  at  the  lower  end,  vhereon  it  staada,  being  raised  from 
the  table  by  three  short  leg&  lato  the  upper  end  ie  driven  a 
ring,  covered  with  copper-wire  gaiue,  to  about  j  of  an  inch  down, 
so  BJi  to  form  a  kind  of  bath,  which  may  be  compared  to  an  ordi- 
nary sand-bath,  but  into  which  is  put  a  number  of  small  pieces  of 
puAice-Btone.  These  serve  to  diffuse  the  flame  and  prevent  the 
gauze  heating  and  burning  out. 

The  gas  is  delivered  from  a  tube  placed  in  the  bottom  end,  and 
turned  up  so  as  to  deliver  it  at  about  t  inches  up  the  cylinder 
(just  as  in  the  small  steatite  burner) ;  but  here  the  air  passes 
directly  up  from  below,  instead  of  through  holes  in  the  sides.  A 
steady  flame  will  cover  the  surface  of  the  bath  ;  but  if  too  much 
gas  be  turned  on  it  ia  apt  to  rise  to  a  pointed  flame,  liable  to  ■ 
smoke.  While,  on  the  other  hand,  for  slow  evaporations  and  the 
like,  the  proportions  may  be  so  nicely  adjusted  t«  the  smallest 
supply  of  gas,  that  a  clean  crackling  bine  flame  may  be  kept  up 
all  over  the  surface  of  the  pumice-«tone,  in  which  any  small 
vessel  may  be  heated  without  soiling,  and  also  free  irom  the 
rising  dust  of  a  sand-bath.  Then  for  the  annealing  of  small 
masses  of  metal  it  is  most  useful. 

But  it  ia  not  only  in  the  chemical  operations  of  the  metalluTgio 
laboratory  that  gas  is  thus  serviceable,  for  it  is  equally  available 
in  producing  fusing  temperatures  np  to  that  even  of  cast-iron  ;  in 
fact,  a  full  white  heat,  and  the  furnaces  of  Mr.  Gore,  and  of  Mr. 
C.  Griffin,  both  answer  these  piirposea  admirably. 

In  both  a  mixture  of  gas  and  air  is  burned — the  mixture 
being  most  effective  when  the  proportion  of  air  is  such  that  it  just 
decomposes  and  oxidizes  the  gas.  This  will  be  effected  by  about 
ten  volumes  of  air  to  one  volume  of  coal-gas ;  this  forms  an 
explosive  mixture,  and  therefore  one  which  requires  management, 
in  order  to  bum  it  quietly  and  continuously. 

Mr.  Gore's  smaller  furnace  consists  essentially  of  a  peculiar 
burner,  a.  At  the  lower  part  it  forms  an  open  cylinder  of  two 
inches  diameter,  at  the  bottom  of  which  is  a  pipe  for  the  delivery 
of  the  gaa,  the  supply  of  which  is  regulat«d  by  the  tap  (i).  Closing 
the  lower  end  of  the  cylinder  is  a  plate  (e),  revolving  on  its 
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diameter  bo  as  to  act  as  a  valve  for  the  regulation  of  the  ai 
snpplj'.  The  upper  half  of  tbe  burner  is  formed  of  a  sheet  c 
copper,  corrugated  ao  aa  to  form 
a  number  of  riits  tot  the  delivery 
of  the  gas  and  air  mixture ;  this 
bums  at  tbe  top  of  the  burner 
(vhioh  tapers  out  to  2^  inches 
diameter)  in  numerous  thin  layers, 
with  alternate  layeis  of  air  be- 
tween them.  Mr.  Gore  says, '  This 
mode  of  burning  the  gas  produces 
a  solid  flame,  whilst  all  previous 
methods  produced  a  hollow  flame.' 

The  burner,  which  is  altogether 
about  1  foot  long,  is  to  be  clamped 
under  a  massive  iron  stool  (d), 
having  a  hole  in  the  centre,  just 
admitting  of  its  entry ;  and  above 
the  stool  is  fixed  the  iron  furnace 
body  («X  hued  with  plumbago- 
ware.  Ita  dimensions  in  No.  1 
fiiTOBce  are  —  height,  9}  inches; 
internal  diameter,  4  inches;  ex- 
ternal, 6  inches. 

la  the  centre  of  the  body  stands  up  a  second  clay  cylinder,  or 
cupola  (/) ;  this  is  held  central  by  three  clay  wedges  \g),  and  in 
its  interior  project  three  clay  pieces,  which  are  for  the  suspension 
of  the  crucible  in  the  flame.  A  deep  circular  crucible  is  used,  but 
in  this  sized  ftimace  it  must  not  exceed  i-J  inch  external  diameter. 
The  top  of  the  body  is  closed  by  the  thick  plate  (i),  having  a 
circular  opening  partly  closed  by  the  perforated  stopper  (j).  This 
second  opening  is  entirely  shut  by  the  clay-plug  (k).  At  the  back 
and  bottom  of  the  body  passes  out  the  ^eet-iron  chimney  (h), 
which  is  about  2  inches  diameter  by  5  to  ti  feet  long. 

A  fth-inob  supply  is  needed  for  the  gas,  and  in  lighting  it  a 
piece  of  looking-glass  is  placed  under  the  burner,  so  that  the  flame 
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IB  mirrored  in  it.  The  stoppers  are  then  taken  out,  and  a  match 
put  in,  tlie  gaa  being  already  turned  fully  on.  The  first  stopper 
is  then  put  in,  and  the  air-valve  a4juated.  The  flame  is  thus 
dravn  over  the  edge  of  the  cupola  down  to  the  chimney  outlet. 
The  crucible  may  then  be  put  in,  and  the  aupply  of  gaa  adjusted, 
till  a  red  and  violet  flame  is  got,  with  a  little  white.  And  this 
must  be  maintained  by  careful  adjustment  of  air  and  gas.  If 
the  flame  blowa  down,  or  is  without  white  streaks  when  the  gaa 
is  fully  on  and  the  air-valve  open,  it  is  an  indicatiou  of  deficiency 
of  gas,  and  the  air  supply  must  be  partly  doeed  until  the  proper 
colour  of  flame  is  obtained. 

The  fiimace  is  better  used  with  the  chimney  taken  loosely  into 
a  flue,  in  order  to  got  rid  of  waste  products.  The  bottom  of  the 
iron  chimney  should  be  very  faiutly  red-hot  in  dayhght ;  6  ounces 
of  copper  will  be  melted  in  about  1 5  minutes,  and  6  ounces  cast- 
iron  in  about  jo  minutes.  Mr.  Gore's  No.  z  furnace  will  melt 
50  ounces  of  copper,  or  4.0 
ounces  cast-iron,  and  his  lat^ 
one  ;oo  ounces  sOver.  The 
Messrs.  Elkington  are  in  the 
habit  of  melting  zoo  ounce- 
pots  of  silver  in  one  of  these. 

The  details  of  Mr.  C.  Grif- 
fin's furuace  are  somewhat 
difForont,  *  In  his  burner,'  he 
says,"  '  nothing  new  is  of- 
fered, for  it  is  merely  a  bundle 
of  Bunsen'sjeta'  (16  in  num- 
ber). And  he  also  states  that 
the  fire-clay  fittings  are  copied 
from  Griffin's  blast  gas-fur- 
nace. Regarding  the  use  of 
the  burner,  he  says  that  it  is 
necessary  to  supply  the  air  cer- 
tainly as  rapidly  as  the  com- 
*  Jouraal  o/lht  Chtvticttl  SoHeli/,  Series  1,  vol.  viii.  p.  alo. 
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buation  demands,  yet  so  gradually  as  to  avoid  eiploaiouB.  The  first 
quantity  is  supplied  at  the  bottom  of  the  cyliadrical  burner  a,  the 
aecood  at  the  opening,  b,  the  third  by  just  propping  up  the  fur- 
lutce  body  on  the  sole-plate  by  three  pieces  of  iron  of  the  thickness 
of  a  penny-piece  ;  thus  a  small  crevice  is  formed  all  round  for 
admission  of  air  into  the  flame. 

The  burner  (a)  is  3  inches  in  diameter  by  ■  foot  high,  and  the 
gas  supply  is  regulated  by  a  tap  at  the  bottom  ;  and  as  there  is 
no  air-valve,  the  regulation  of  the  balance  of  gas  to  air  is  a^usted 
by  the  gas-tap  only.  An  iron  stool  (B)  is  used,  of  such  a  height 
U  that  the  burner,  when  standing  on  the  fioor  or  furnace-beach, 
just  passes  through  it,  and  also  through  the  opening  in  the  tiole- 
plate  (c)  placed  upon  this  stooL  The  central  hole  in  this  clay 
sole-plate  should  juat  fit  the  top  of  the  burner.  Upon  this  plate 
stands  a  clay  cylinder  (d)  6  inches  high,  8  inches  in  external 
diameter,  and  of  5  inches  internal.  In  this  cylinder,  and  aur- 
ronnding  the  burner-hole,  is  placed  a  plumbago  cylinder  (e), 
pierced  with  holes  in  its  sides,  and  adapted  to  support  the 
crucible  (/),  the  bottom  of  which  is  thus  held  up  at  about  i  or 
I-}-  inch  above  the  opening  of  the  burner-Jets.  The  space  between 
the  plumbago  and  outer  clay  cylinders  should  not  exceed  half  an 
inch  all  round,  or  much  heating  power  will  be  lost.  On  the  top 
of  the  laiTje  clay  cylinder  is  placed  the  dome  (g),  which  is  peculiar 
in  the  shape  of  the  outlet  leading  to  the  chimney,  being  formed  so 
aa  to  turn  the  escaping  flame  twice  at  right  angles  1)efore  it  pusses 
into  the  chimney — an  obstruction  which  prevents  the  gases 
passing  too  rapidly  away  from  their  work,  and  burning  in  the 
chimney  instead  of  in  the  body  of  the  furnace. 

Above  the  dome  is  an  iron  chimney  (A),  of  2  inches  diameter 
by  4  feet  loug,  and  hinged  to  a  long  iron  arm  by  clampa,  which 
admit  of  its  being  turned  completely  off  the  dome,  so  as  to  allow 
of  the  removal  of  the  latter  to  get  at  the  crucible. 

Conical  crucibles  must  be  used,  as  they  allow  the  flame,  after 
striking  their  sides,  to  pass  out  by  tbe  holes  in  the  plumbago 
cylinder  j  and  the  furnace  here  described  admits  of  the  use  of  a 
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urucible  of  4  to  4)  inches  diameter,  capable  of  holding  4  to  5  lbs. 
of  liquid  metal. 

Id  use  the  gas  is  turned  on  and  lighted  after  a  abort  time ;  the 
crucible  ia  then  put  in,  aad  the  flame  regulated  by  its  colour,  as 
observed  in  the  chimney,  in  which  three  holes  at  different  heights 
arc  made  for  the  purpose,  At  the  two  lower  ones  flame  should  be 
visible,  but  not  at  the  top  one.  If  it  is,  the  gas  supply  should  be 
decreased.  A  white  heat  ia  readily  obtained,  and  two  pounds  of 
cast-iron  may  be  melted,  starting  with  a  cold  furnace,  in  seventy 
minutes,  but,  if  previously  heated,  in  forty.  Four  pounds  will 
require  about  z}  hours  in  the  cold. 

Silver  or  gold  is  readily  and  much  more  quickly  fused  in  it ; 
and  for  metals  of  low  fusing  point,  as  lead  or  zinc,  the  dome  and 
chimney  may  be  dispensed  with. 

The  advantages  of  both  Gore's  and  Griffin's  furnaces  are  the 
capability  of  obtaining  an  intense  heat  without  any  accessory 
blowing.  They  are  free  from  smoke  and  duat,  are  put  in  action 
immediately  aa  required,  and  there  is  no  trouble  as  to  fuel.  They 
each  consume  just  about  j.3  feet  of  coal-gas  per  hour  when  at  full 

Griffin  also  converts  his  furnace  into  a  mnffie  furnace  by 
simply  removing  the  cylinder  D  with  the  melting  apparatus,  and 
substituting  an  oval  body  containing  a  mufBe.  This  will  be  again 
referred  to  in  describing  the  diy  assay  of  sUver. 

But  for  large  and  practical  operations  gaseous  fiiels  are  no  less 
applicable  than  in  the  smaller  onea  of  the  laboratory ;  and,  learn- 
ing this,  manufacturers  now  utilise  the  waste  gases  of  many 
operations.  Thus  those  from  iron  blast-fumaoes  are  collected  and 
applied  in  various  ways;  such,  for  instance,  as  for  heating  the 
blast  itself,  for  puddling  iron,  heating  steam-boilers,  roasting  ores, 
and  several  other  useg.  But  the  most  extensive  uses  of  gaseous 
fuelb  have'  arisen  out  of  Mr.  Siemens'  excellent  furnaces,  where  the 
gases  are  specially  produced,  and  subsequently  apphed  to  their 
uses  under  the  most  favourable  conditions. 

Siemens  describee  his  '  regenerative'  furnace  as  consisting  of 
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two  eoential  parts,*  '  the  gu-producer  (Fig.  i  z),  ia  whJoh  the  coal 
or  other  fuel  ia  oonvert^d  into  combustible  gas,  and  the  fiimaoe 
with  ite  regeneratora  (Fig.  13)  or  chamberB  for  storing  the  wEkate 
beat  of  the  flame,  and  giving  it  up  to  the  incoming  air  and  gaa.' 
In  the  drawing  (13)  the  arrangement  is  shown  as  applied  to  steel- 
makitig. 

'  Any  combustible  gas  might  be  bumed  in  the  regenerative 
furnace ;  but  ordinary  lighting  gas,  although  very  Buoceasful  on 


the  small  laboratory  scale,  is  far  too  costly  to  be  e 
larger  furnaces ;  and  the  only  gas  available  is  that  generated 
by  the  complete  volatilisation  of  coal,  wood,  or  other  fuel,  with 
admission  of  air,  in  a  special  "gaa-producer."  Any  description  of 
carbonaceous  matter  may  be  worked  in  a  suitable  gas-producer, 
and  will  afford  gas  siiffioiently  good  for  the  supply  of  even  those 
Aimaces  in  which  the  highest  heat  is  required.  Coal  is  the  fiiel 
chiefly  used  for  gas-furnaces  in  £ngland.' 

•  Chtmical  Socittji'i  Jouraal,  New  Seriea,  vol.  tI.  p.  itg. 
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The  accompanying  drawing  is  the  form  he  givee  of  a  producer 
suitable  for  burning  non-caking  slack.  It  is  a  rectaugular  fire- 
brick chamber,  one  side  of  which,  B,  is  inclined  at  an  angle  of 
45°-6o°,  and  has  a  grate,  C,-  at  its  lower  port,  and  a  chargiug-hule, 
A,  at  the  top,  from  which  the  fuel  falls  down  the  inclined  side  on 
to  the  grate.  'Air  is  admitted  at  the  grate,  and,  as  it  rises  slowly 
through  the  ignited  mass,  tho  carbonic  acid,  first  formed  by  tlie 
combination  of  the  oxygen  with  the  carbon  of  the  fuel,  takes  up  an 
additional  equiralent  of  carbon,  forming  carbonic  oxide,  which, 
diluted  by  the  inert  nitrogen  of  the  air,  and  by  a  little  unreduced 
carbonic  acid,  and  mixed  with  the  gases  and  vapours  distilled  from 
the  raw  fuel  during  its  gradual  descent  towards  the  grate,  is  led 
off  by  the  gas-flue  D  to  the  furnace.' 

A  corrected  analysis  of  the  gas  given  by  i-eaking  coal  and 
|. non-caking  is  given  as 


Carbonic  Oxide 
Hydn^en     .  . 

Carburetted  Hydrogen 
Carbonic  Acid 
Nitrogen 


I  Tolnmea 


3+6 


■6s-4 


Volumea  loo'o 


( 


The  gases  first  named,  amounting  to  3+6  per  cent,  are  avail- 
able as  fuel  The  greater  part,  viz.  6j'4  per  cent,  dilutes  the 
combustible  gases. 

'  It  is  the  presence  of  this  large  proportion  of  inert  gases,  which 
must  be  heated  to  the  full  temperature  of  the  flame,  that  renders 
it  so  difficult  to  maintain  a  high  heat  by  gas  of  this  description 
burned  in  the  ordinary  way.  In  using  such  gas  in  a  regenerative 
furnace  the  presence  of  so  large  an  amount  of  nitrogen  is  not 
objectionable,  as  the  heat  it  carries  off  is  given  up  again  to  the  air 
and  gas  coming  in.' 

Oaa  rises  from  the  producer  at  1000°  to  1300°  Fahr.,  and 
ascends  to  the  outlet  flues  under  alight  pressure,  because  the  gas 
is  of  less  specific  gravity  than  atmospheric  air.  This  is  maintained 
by  mechanical  means  till  the  gas  is  in  the  regenerative  furnace 


where  it  is  to  be  burned,  lest  air  ahould  otherwise  pass  in  at  the 
TarioiiB  crevices  of  the  apparatus  and  dilute  the  gas. 

The  producers  may  be  at  any  distance  from  the  furnaces,  if 
only  they  are  at  a  lower  level ;  and  hence  Siemens  says,  '  It  would 
be  perfectly  practicable  to  erect  them  in  the  mine  itself,  burning 


Fig  13 
the  slack  and  waste  cool  in  situ,  and  diBtnbutmg  the  gas  by  cul- 
verta  to  the  works  m  the  neighbourhood,  instead  of  carrying  the 
coal  to  the  different  works,  and  establishing  special  gaa-producers 
at  each.  In  rising  to  the  mouth  of  the  pit  the  gas  would  acquire 
sufficient  pressure  to  send  it  through  several  miles  of  culvert.' 

The  drawing  here  given  of  a  furnace  for  gas  combustion  is  that 
of  one  deBigned  by  SiemenB  for  the  production  of  cast  atoel  directly 
fixjm  the  ore.  The  regenerative  chambers  are  the  four  large  arched 
spaces  below  the  bed,  and  representod  in  fig.  1 3  as  dotted,  from 
the  loose  way  in  which  the  fire-bricks  are  Blacked  in  them.  Above 
these  arched  spaces,  and  below  the  two  hoppers,  A  A,  is  the  cham- 
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ber  in  which  the  combustion  of  the  heated  gaa  takes  place  and  the 
operation  itself  is  carried  on. 

The  gas  passed  in  from  the'  producers,  together  with  the  air 
employed,  are  separately  heated  by  the  waste  heat  of  the  flame  in 
these  four  regenerator  chambers.     They   are,   as  stated,  laige 
square  spaces,  in  which  fire-bricks  are  loosely  stacked,  so  as  to 
give  a  lai*ge   heating  surface,  the  amount  of  this  surface  being 
carefully  calculated  so  as  to  balance  the  amount  of  waste  beat. 
The  waste  gases  from  the  flame  ^  are  drawn  through  two  of  the 
regenerators,  and,  heating  the  upper  rows  of  bricks  to  a  t^n- 
perature  little  short  of  that  of  the  furnace  itself,  pass  suooea- 
sively  over  cooler  and  cooler  surfaces,  and  escape,  at  length,  to 
the  chimney  flue  nearly  cold.     The  current  of  hot  gases  is  con- 
tinued down  through  these  two  regenerators  until  a  consider- 
able depth  of  brickwork,  near  the  top,  is  uniformly  heated  to  a 
temperature  nearly  equal  to  that  of  the  entering  gas,  the  heat 
of  the  lower  portion  decreasing  gradually  downwards,  at  a  rate 
depending  on  the  velocity  of  the  current  and  the  size  and  arvange- 
ment  of  the  bricks.     The  direction  of  the  draught  is  then  reversed, 
the  current  of  flame  or  hot  waste  gases  is  employed  to  heat  up 
the  second  pair  of  regenerators,  and  the  gas  and  air  entering  the 
furnace  are  passed  in  the  opposite  direction  through  the  first  pair, 
and,  coming  into  contact,  in  the  first  instance,  with  the  cooler  brick- 
work below,  are  gradually  heated  as  they  ascend,  until,  at  some 
distance  fi"om  the  top,  they  attain  a  temperature  nearly  equal  to 
the  initial  heat  of  the  waste  gases,  and,  passing  up  into   the 
furnace,  meet  and  at  once  ignite,  producing  a  strong  flame,  which, 
after  passing  through  the  heating  chamber,  is  drawn  down  through 
the  second  pair  of  regenerators  to  the  chimney  flue.     The  tem- 
perature attained  by  the  ascending  gas  and  air  remains  nearly 
constant,  until  the  uppermost  courses  of  the  regenerator  brickwork 
begin  sensibly  to  cool ;  but  by  this  time  the  other  two  regenerators 
are  sufficiently  heated,  and  the  draught  is  again  reversed,  the 
stream  of  waste  gases  being  turned  down  through  the  first  pair  ot 
regenerators,  reheating  them  in  turn,  and  the  gas  and  air  which 
o'  ter  the  furnace  being  passed  up  the  second.' 
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By  thiia  reversing  the  direction  of  the  draught  &t  regulkr  inter- 
tsIb,  De&rif  all  the  heat  is  retained  in  the  furnace  that  would  other- 
wise be  carried  off  by  the  products  of  combustion,  the  temperature 
io  the  chimney  flue  rarely  exceeding  300°  Fahr.,  whatever  may  be 
the  heat  in  the  furnace.  The  proportion  of  heat  carried  off  in  an 
ordinary  furnace  by  the  products  of  combustion  is  generally  far 
grwUer  than  that  which  can  be  utilised,  as  all  the  beat  of  the 
flsme  below  the  temperature  of  the  work  to  be  heated  is  absolutely 
lost.  The  economy  of  fuel  effected  in  the  regenerative  gas  fbrnace, 
by  removing  this  source  of  loss  and  making  all  the  heat  of  the 
waste  gases,  however  low  its  intensity,  contribute  to  raise  the  tem- 
penture  of  the  flame,  amounts,  in  average  practice,  to  fully  jo  per 
cent  on  the  quantity  used  In  an  ordinary  furnace ;  and  the  saving 
is  greater,  the  higher  the  heat  at  which  the  furnace  is  worked. 
In  addition  to  this  economy  in  the  amount  of  fuel  used,  a  much 
cheaper  quaUty  may  generally  be  burned  in  the  gas-producer  than 
could  be  used  in  a  furnace  working  at  the  same  heat,  and  in 
which  the  fuel  is  burned  directly  on  the  grate  in  the  ordinary 
way.' 

Siemens  shows,  in  the  lecture  quoted,  that  the  temperature 
rises  after  each  reversal,  and  that  '  the  temperature  to  be  attained 
in  this  way,  by  the  gradual  accumulation  of  beat  in  the  furnace 
and  in  the  upper  part  of  the  regenerators,  appears  to  be  quite 
unlimited ;  and  the  heat  at  which  a  suitably  designed  furnace  can 
be  worked  is  limited  in  practice  only  by  the  difficulty  of  finding  a 
material  sufficiently  refractory  of  which  it  can  be  built.' 

The  working  of  the  furnace  is  controlled  by  valves  govemmg 
the  supply  of  gas  and  air,  and  also  by  a  damper  in  the  chimney. 

As  to  economy  in  working,  Siemens  says  :  '  The  ordinary  con- 
sumption of  hard  coke,  costing  22«.  per  ton  in  ShefBeld,  is  between 
three  and  four  tons  per  ton  of  steel  fused ;  while  ia  the  gas 
furnace  the  same  work  may  be  done  by  the  expenditure  of  1 5  to 
10  cwt.  of  common  coal  slack  (worth  only  5*.  to  8«.  per  ton),  at  a 
cost,  that  is,  of  only  ;«.  against  7  ;«.  per  ton  of  steel  melted.  There 
is  a  further  saving  in  the  number  of  crucibles  required,  as  they 
may  be  used  in  the  gas  furnace  four  or  five,  and  even  sometimes 
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ten  times ;  vhile  in  furnaces  heated  hy  coke  two  or  three  casts 
are  oa  much  aa  are  ever  obtained.  The  lining  of  the  furnace  lasts 
at  least  fifteen  to  twenty  weeks  without  repwr  (in  working  day 
and  night) ;  while  four  to  five  weeks  is  the  longest  duration  of  the 
ordinary  coke-fired  holes.' 

At  the  time  of  giving  his  account  of  his  furnace  to  the  Chemi- 
cal Society,  from  which  I  have  thus  so  largely  abstracted,  Mr.  Sie- 
mens had  not  succeeded  in  ascertaining  the  temperature  arrived 
at  with  actual  precision,  but  states  that  ho  hod  partly  done  so, 
viz.  up  to  a  full  welding  heat,  which  he  estimates  at  1600°  C. 
=  3900°  F. ;  aud  he  says  that,  judging  the  heat  of  the  steel- 
melting  furnace  by  comparison  of  its  effects,  he  would  put  it  at 
not  less  than  zzoo°  C.  =  4000°  F. 

All  the  gaa  arrangements  for  heating  purposes  hitherto  de- 
scribed may  be  called  self-acting :  this  is  to  say,  no  means  have 
been  used  to  increase  the  heat  of  combustion  by  forcing  in  air; 
but  theft  are  many  plans  where  intense  heats  are  got  by  throwing 
air  or  oxygen  into  flames. 

It  ia  now  rare  that  aa  eiperimentnJ  laboratory  is  formed  where 
a  supply  of  gas  cannot  be  obtained ;  but  supposing  such  a  case, 
there  is  an  instrument  very  useful  for  heating  small  crucibles,  in 
which  a  strong  blast  is  obtained  from  alcohol ;  so  that,  for  opera- 
tions of  ignition  and  the  like,  it  is  all^Bufficient,  provided  we  do' 
not  require  too  long  continuance  of  action. 

It  consists  of  a  small  double  saucepan-like  vessel  of  copper,  the 
external  case  being  about  4  inches 

f"  "^  high  by    3    inches  in   diameter. 

^  H  .^^^^^_     Tba  inner  one  is  about  half  an 

\  I  ^^^^^^^    inch  smaller  in   every  direction, 

and  fixed  in  the  outer  one,  so  as 

I     g_J^_  I  to  for™  *°  air-tight  chamber  be- 

^^99H||  tween  them,  but  provided  with  a 

^J/g^^^g^^^_^  tubular  aperture  closed  by  a  cork, 

which  serves   as   a   safety-valve. 

From  the  upper  part  of  this  close 

chamber  a  tube  passes  down,  and,  turning  under  the  bottom  of  the 
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iuner  vessel,  passes  through  it  into  the  ceutral  cavity.  Now,  iu 
using  the  iDstrumout,  about  an  ouuce  of  alcohol  (or  more)  is  first 
put  hy  the  tubulure  into  tha  close  chamber,  and  a  similftr  ([uautitj 
into  the  central  cavity.  When  the  inner  is  corked  up,  the  outer 
is  inflamed.  The  heat  soon  vaporises  the  enclosed  spirit,  whose 
vapour,  rushing  out  by  the  jet  into  the  midst  of  the  inner  flame, 
cauaee  the  latter  to  rise  in  a  strong  blast,  capable  of  affoidiug  -.i 
very  powerful  heat. 

The  ordinary  mouth  blowpipe  is  a  kind  of  miniature  blaiit  fur- 
nace. The  blast  is  usually  supplied  by  the  lungs,  and  the  fuel 
may  be  either  a  tallow  candle,  or  be  obtained  by  the  use  of  a  small 
oil  lamp,  or  a  apirit-lamp  flame. 

The  blowpipe  is  most  useful  for  small  fu»ons,  as  for  soldering 
operations,  but  it  may  also,  at  times,  be  employed  for  fusion  of 
very  considerable  masses,  up  to  portions  of  the  size  of  a  pea ;  and 
the  author  has  seen  a  skilful  operator  fuse  a  farthing  (a  con- 
siderable weight  of  copper)  by  the  blast  afforded  by  the  lungs 
alone,  and  without  fatigue. 

But  it  is  for  qualitative  metallurgic  exorainatjons  that  the 
mouth  blowpipe  becomes  invaluable,  for  by  it  we  can  command  au 
immediate  intense  heat,  perfectly  variable  at  pleasure  as  to  the 
nature  of  its  action  and  effects,  and,  moreover,  can  work  with  the 
greatest  facility  and  certainty  upon  masses  of  material  far  too 
minute  for  any  other  kind  of  manipulation ;  and  we  can,  even  in 
these  small  quantities,  determine  the  various  constituents  of  a 
mixed  mass  with  accuracy  and  certainty. 

All  the  best  forma  of  blowpipes  resolve  themselves  essentially 
into  a  tube,  terminating  in  a  fine  point  or  jet,  which  latter  is 
pierced  with  a  carefully-shaped  conical  aperture ;  the  tube  itself 
is  also  provided  with  an  enlargement,  or  chamber,  in  some  part  of 
its  length,  for  the  purpose  of  retaining  moisture,  which  is  always 
condensed  Irom  the  lungs.  The  jet  should  be  so  pierced  as  to 
allow  of  just  the  requisite  amount  of  air  passing  into  the  flame, 
and  in  such  a  direction  as  to  ensure  the  most  perfect  oombustion. 

Of  the  many  forms  of  blowpipe  in  use,  probably  those  two 
known  aa  Black's  and  Pepjs'  blowpipes  are  best ;  but  of  these  the 
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ftutlior  prefers  the  former.  This,  when  turaiahed  with  jets  in 
platinuna,  forms  a  moat  effective  instrument.  The  body  of  this 
blowpipe  is  -simply  a  coqicul  tube  ;  to  the  Binaller  end 
f  is  attached  the  mouthpiece,  while  at  right  angles  from 
the  side  of  the  Ickrger  end  the  Jet-tube  passes  out  for 
about  an  inch,  and  then  ends  in  a  small  platinum  jet, 
which  screws  ou  and  off.  For  common  soldering  ope- 
rations this  last  may  have  a  much  wider  aperture  than 
ordinary ;  so  that,  in  fact,  the  plain  aperture  of  the 
tube,  without  any  moveable  jet,  is  all-sufficient. 

On  looking  at  the  flame  of  a  candle  or  lamp,  it 
will  be  seen  to  rise  conically  to  a  point.  In  the  in- 
terior of  the  cone,  and  taking  the  same  form,  is  a 
smaller  dark  cone,  b ;  indeed,  the  flame  consists  of  a 
sheet  of  burning  gaa,  which  surroundi^  the  point 
I  where  it   ia  evolved  by  the  wick,   and  which  flame, 

^*-|  by  ao  enveloping  it,  causes  a  quantity  of  gaa  to  be 

V  stored  from  the  action  of  the  exterior  air,  and  so  to 

7^  form  a  kind  of  supply  chamber,  aa  long  as  combustion 

'^'  ''■  is  going  on.  On  carefully  analysing  the  parts  of  auoh 
a  flame,  starting  from  the  lowest  part,  we  may  observe  that,  at 
the  base  of  the  cone,  a,  and  also  for  a  sUght  distance  up  the  flame, 
its  colour  is  blue,  dependent  upon  the  perfect  com- 
bustion of  the  gas  here  generated  by  agency  of  the 
free  access  of  air.  Jnat  at  e,  the  tip  of  the  dark  inner 
cone,  the  flame  ia  moat  luminous,  for  here  particles  of 
inflamed  carbon  ore  thrown  off  from  the  atored  gas, 
being  aeparated  by  the  decompoaition  of  some  of  this, 
under  the  influence  of  the  heat  of  the  portions  burning 
below  ;  and  it  is  just  in  the  ring  of  flame  external  to 
this  point  that  we  find  the  hottest  portion  of  the 
flame,  for  bore  the  air  boa  free  accesa  to  the  ezteric^ ; 
but  its  heating  power  diminishes  aa  we  pass  upwards 
or  downwards  from  the  point  just  mentioned. 
1  of  the  blowpipe,  then,  consists  in  throwing  air  into 
this  inner  cone  of  gas,  so  as  to  cau.ie  its  free  combustion,  aa  also 
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that  of  the  luminouB  particles  of  carbon  evolved  from  it ;  while  nt 
the  same  time  the  flame  is  directed  by  the  instrument  at  will  upon 
the  object;  but  it  ia  esiiential  that  the  blast  be  kept  steadily  up, 
and  tbia  more  particularly  in  quantitative  or  qualitative  examina- 
tions with  the  blowpipe.     Now,  if  we  attempt,  in  the  ordinal^ 
way,  to  Bend  a  strong  blast  by  the  blowpipe,  the  lunga  will  soon 
become  &t^:ued  :  indeed,  by  ordinary  blowing,  it  ia  impossible  to 
keep  the  blast   continuous,  for  a  check  will  be  given   at  each 
inspiration.     But,  if  we  consider  the  smallness  of  the  blowpipo 
aperture,  it  will  be  seen  that  a  very  small  blast  will  suffice  :  beuce,  ; 
if  we  can  manage  to  keep  the  checks  distended  while  we  breathe  ' 
through  the  nose,  the  natural  tendency  of  the  muscles  to  return  to   ; 
their  normal  state  will  keep  up  an  ample  blast     The  mouth  is 
replenished  from  time  to  time  from  the  lungs,  the  cheeks  (if  at  all  ; 
relaxed  during  inspiration)  being  quickly  restored  to  their  state  of 
tension. 

The  capability  of  effecting  the  operation  may,  perhaps,  be  ■ 
acquired  more  readily  at  first  by  employing  some  solid  instrument  ; 
(aa  a  pencil,  for  instance),  and,  with  this  between  the  lipx, 
attempting  to  keep  up  a  steady  respiratiou  while  the  cheeks  are 
distended,  breathing  being  carried  on  through  the  nose ;  then, 
when  this  can  be  accomplished,  attempting  the  same  with  the 
blowpipe. 

Two  kinds  of  flame  may  be  produced  by  the  agency  of  the 
Uowpipe,  dependent  on  manip\ilation,  and  possessing  vory  oppo- 
site capabilities.     The  first  is  called  the  ox- 
idation flame,  for  any  metallic  bead  exposed 
to  its  action  (if  of  an  oxidizable  metal)  wiU, 
in  it,  combine  with  oxygen  of  the  i 
IB  formed  by  passing  air  just  over  the  wick,  E 
employing  for  this  purpose  a  jet  with  a  toler- 
ably wide  opening.     In  this  way  we  form  i 
long  narrow  blue  flame,  which,  if  the  jet  be  ^' ''" 

large  enough  and  properly  placed,  will  be  quite  free  from  yellow. 
Ita  tip  ia  exceedingly  hot,  for,  in  addition  to  the  blowpipe  supply, 
it  will  draw  a  lai;ge  quantity  of  air  externally  to  the  point :  hence 


poBsessmg  vory  oppo- 
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lici'O  .1  bead  is  not  only  immediately  melted,  but  also  oxidised, 
lij'  this  external  air ;  therefore  the  farther  it  can  be  kept  from 
the  tip  the  better  for  oxidation,  provided  the  heat  can  be  miun- 
taiued  sufficiently. 

The  second  kind  of  flame  is  called  the  reducing  flame  ;  for  if  n 

metallic  oxide  be  immersed  in  anch  a  one — that  is  to  say,  well 

surrounded  witli  it — it  will  give  up  its  oxygen 

>to  the  flame,  and  the  metal  be  reduced  mure 
or  less  completely.  The  reducing  point  is 
^^^S^^  just  beyond  the  tip  of  the  inner  blue  cone, 

^^Hb^H|  where  there  is  a  large  supply  of  unbumed 

^M^^y  carbon  and   gases,    at  a  high    temperature, 

'  „      ,  consequently  Just  in  the  condition  to  deprive 

any  oxide  of  oxygen.  The  method  of  pro- 
ducing tliis  flnuie  couaistfi  in  employing  a  rather  fiuer  jet,  and  at 
the  sanic  time  placing  it  rather  higher  above  the  wick.  Thus 
the  dark  cone  of  unburaad  gas  of  the  ordinary*  flame  is  burned, 
iind  a  small,  inteusc  heating  flame  obtained.  In  forming  both 
(ixidieing  and  reducing  flames,  the  wick  of  the  lamp  or  candle 
stiould  be  well  and  evenly  cut ;  and,  in  reductions,  a  support  of 
charcoal  not  only  assists  the  heating  of  the  bead,  by  becoming 
i-ed-liot,  but  also  assists  the  action,  by  taking  oxygen  from  the 
oxide  to  form  carbonic  ocid. 

Other  supports  for  bodies  iiuder  examination  are  sometimes 
employed,  as  a  loop  of  platinum  wire  or  piece  of  foil,  or  at  other 
times  a  clay  basm,  or  a  snuUl  bone-ash  cupel,  selected  accordiug 
to  conditions  wc  wish  to  fulfil. 

The  actual  examination  of  an  unknown  body  (after  tosting  it» 
fusibility,  also  whether  it.  contains  water,  or  ia  itself  volatile)  ia 
next  made  in  each  flame,  and  with  a  system  of  reagents  added, 
tiio  moat  generally  useful  of  which  are  borax,  aodic  carbonate, 
inicrocosmic  salt  (nn  ammonic  and  aodic  double  phosphate),  and 
C'baltic  nitrate. 

The  flrst,  or  borax,  is  most  universally  applicable,  for  it  forms, 
(•i\  fusion,  a  clear  glass,  which  will  dissolve  mettdlic  oxides,  and  to 
which  the  smallest  quautitj-,  in  BHch  solution,  imparts  to  the  bead 
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a  colovir  peculiar  to  itself;  the  disorimtnation  of  a  body,  moreover, 
being  assisted  by  the  fact  of  the  colour  oi^n  varjing  in  the  hot 
aud  cold  bead. 

Sodio  carbonate  is  effective  in  the  reduction  of  metallic  oxides ; 
it  is  also  used  to  test  the  solubility  of  bodies  in  it,  and  for  indi- 
cating the  presence  of  silica  in  combination. 

Miorocoetnic  salt,  upon  heating,  parts  with  its  water  and 
ammonia,  and  a  sodic  salt  containing  excess  of  acid  remains.  By 
this  change  the  flux  is  rendered  capable  of  fusing  most  metallic 
oxides. 

Cobaltic  nitmt«  is  employed  mainly  for  the  detection  of 
alumina,  and  of  sine,  in  ores,  minerals,  &c. 

Supposing  a  platinum  wire  be  selected  as  a  support  for  testing 
a  body  with  borax.  The  method  is  first  to  heat  the  wire  red-hot, 
then  plunge  it  into  the  borax  in  powder;  on  again  heating,  the 
salt  swells  at  first,  and  then  subsides  into  a  clean  bead  in  the 
loop.  It  is  then  plunged  a  second  time  into  the  borax  and  heated, 
so  BB  to  increase  the  size  of  the  bead ;  next  it  is  just  moistened 
by  the  tongue,  touched  on  the  unknown  substance,  and,  a  small 
quantity  of  the  latter  adhering,  it  is  again  fused  until  it  is  taken 
well  into  the  substance  of  the  bead.  The  heating  should  be  first 
in  the  oxidising  flame,  and  the  peculiar  reaction  or  changes  occur- 
ring noted;  it  is  then  heated  in  the  reducing,  and  careful  observa- 
tion made  of  any  differences  in  the  effect  of  the  two  flames. 

lu  examinations  with  borax  and  other  tests  care  should  be 
taken  not  to  employ  too  much  of  tho  substanoe  under  examination, 
for  with  borax  the  reaction  will  often  produce  so  intense  a  colour 
as  to  obeoure  it.  In  such  a  case,  however,  it  may  oflen  be  brought 
out  by  heating  the  bead  and  then  pressing  it  into  a  thinner  condi- 
tion or  drawing  it  out  into  a  thread.  The  intense  colour  being 
thus  attenuated. 

The  manipulation  is  the  same  with  miorocosmic  salt ;  but  as 
the  bead  formed  is  more  fluid,  and  therefore  apt  to  drop  from  the 
wire,  a  little  closer  loop  should  be  made  in  it,  or  a  double  loop  in 
the  form  of  the  figure  8  ;  and  in  heatiug  a  little  more  care  must 
be  taken  to  retain  the  bead  in  it.    Silicates  in  an  ore  will  be 
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decomposed  by  this  flux,  the  base  diisolvii^  in  snd  colouring  it ; 
while  the  silicio  acid  fonns  an  insoluble  gelatinona  mass  in  the 
substance  of  the  bead. 

With  sodic  carbonate  a  support  of  charcoal  is  generally  used ; 
nnd  the  body,  mixed  with  the  flux  and  damped  with  water,  is 
made  into  a  mnsB.  Some  absorption  occurs  in  the  charcoal,  but 
under  the  heating,  the  reaction  takes  place  all  the  same ;  yet  more 
Bodio  carbonate  should  be  added  from  time  to  time,  if  found  need- 
ful, during  the  examination.  The  resulting  bead  ia  sometimes 
removed,  and  further  examined  upon  platinum  wire. 

Charcoal  supports  are  readily  made  by  taking  some  sound 
small  sticks  of  charcoal  and  sawing  them  up  tranaveraely  into 
convenient  lengths.  The  soundest  section  may  then  have  a  Bmall 
cavity  formed  in  its  centre,  and  a  carpenter's  '  countersink  bit ' 
forms  a  handy  instrument  for  the  latter  purpose. 

Charcoal  is  most  appropriate  tia  a  support  in  some  cases  of 
reduction  with  borax,  rather  than  a  platinimi  wire ;  for  not  only 
does  the  carbon  assist  reduction,  but,  on  the  other  band,  if  the 
metal  under  examination  is  reduced  readily,  and  has  any  tenden^ 
to  alloy  with  platinum,  it  will  do  so,  alloying  with  the  wire  itself. 
Such  would  be  the  case  with  compounds  of  lead,  cadmium,  lino, 
antimony,  and  some  others. 

With  cobaltic  nitrate  the  substance  ia  heated  in  the  outer 
flame,  and  most  conveniently  in  n  small  pair  of  platinum-tipped 
forceps ;  and  if  a  spongy  piece  can  be  selected,  so  much  the  better, 
OS  the  test  then  permeates  its  texture.  The  cobalt  soluUon  is 
just  dropped  on  it,  and  the  change  of  colour  observed. 

For  long-continued  operations  it  is  desirable  not  only  to  avoid 
the  fatigue  which  is  experienced  by  some,  but  also  to  set  the 
hands  qnite  at  liberty.  In  such  cases  a  pair  of  double  bellows  is 
a  very  useful  apparatus,  especially  combined  with  the  gas  blow- 
pipe, about  to  be  described. 

The  author  has  for  several  years  made  use  of  a  pair  of  square 
bellows,  made  upon  the  principle  of  organ  bellows — that  is,  with 
a  square  underfeeder,  as  it  is  called,  which  may  be  worked  by  a 
treadle.     The  feeder -chamber  oomvnnicates,  by  lenther  valves 
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opening  upwards  only,  with  a  large  wind  reservoir,  which,  being 
about  2  ft.  3  in.  long  by  i  ft.  4  in.  wide,  and  rising  3  in.  when 
full,  will  contain  a  considerable  body  of  air.  To  this  any  pressure 
may  be  given,  by  placing  small  flat  cast-iron  slabs,  as  represented 
in  the  drawing.  These  are  simply  laid  upon  the  upper  board  of 
the  wind  reservoir,  and  weigh  6^  lbs.  each.     The  pressures  are 


Fig.  19. 
calculated  by  the  height  to  which  the  weighted  bellows  will  raise 
a  column  of  water  in  a  glass  tube.     Thus,  with  one  weight,  a  pres- 
sare  of  just  one  inch  is  obtained ; 

2  weights         17  in.  3  weights         t'z  in. 


30  . 


3*5  . 
47  , 
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These  bellows  are  arranged  betweeu  the  legs  of  a  small  table, 
on  the  top  of  which  the  blowpipe  apparatua  can  be  used,  the 
coaneiion  to  the  bellows,  and  alao  to  a  gaa  supply,  being  made  by 
flexible  pipes. 

The  blowpipe  alluded  to,  and  known  aa  Herapath's,  is  shown 
in  aectiou  in  the  diagram,  and  is  thus  constructed : — Au  outer 


«s= 


Fig.  «. 

tube  of  brass  A,  -j  of  an  inch  diameter  and  4.  inches  long,  has  a 
connecting  piece  B  placed  at  right-angles  to  it,  and  at  I'l  inch 
from  its  outer  end  ;  by  this  it  is  screwed  on  to  the  gas  tube  of  an 
ordinaij  burner  stand.  Up  the  centre  of  the  tube  A  a  second  one 
C  slides.  This  ib  7  iuchen  long,  and  ends  by  a  smaller  contracted 
portion,  of  about  1 5  inch,  which  latter  terminates  in  a  jet  The 
opposite  end  is  fitted  with  a  piece  of  vulcaniaed  tube,  in  order  to 
connect  it  with  the  air-pipe  of  the  bellowa 

Now,  as  the  contracted  part  of  the  tube  C  extends  back  in  the 
outer  one  past  the  gas  union,  aa  soon  aa  gaa  ia  turned  on  it  passes 
freely  to  the  outer  end  of  A,  enveloping  the  jet,  and  may  then  be 
lighted.  Then,  by  putting  the  bellows  into  action,  a  jet  of  air  ia 
thrown  into  the  very  centre  of  the  flame ;  when,  by  regulating 
carefully  the  relations  of  the  blast  and  gas  supply,  we  may  get  a 
larger  or  smaller  flame  at  pleasure,  and,  even  when  applied  to 
the  more  delicate  operations  of  blowpipe  analysis,  a  most  pcifect 
flame  in  its  parta  and  effects. 

In  the  author's  laboratory  (out  of  London,  and  where  the  day- 
pressure  at  the  gaaworks  is  always  kept  low)  the  pressure  is 
I  ^  inch ;  but  this  gives,  even  from  a  small  tap  and  flexible  pipe, 
more  than  aufBcient  gas  for  the  6-inch  air-pressure,  as  alwve 
descrilied.  Hence  the  regulation  of  blast  to  flame  is  made  by 
controlling  the  gas  supply ;  and  if  the   air-blast  is  lowered  in 
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preBBurc,  bo  must  the  quantity  of  gas  be  diminiehed,  and  also  the 
tur-jet  be  passed  nearer  to  the  mouth  of  the  blowpipe.  These 
points  should  be  so  nicely  adjusted  as  to  obtain  a  clear,  blue, 
hoi^izontal  flame,  without  any  red  rising  from  its  commencement. 

For  qualitative  analysis  by  this  blowpipe,  two  of  the  weights, 
with  a  corresponding  small  proportion  of  gas,  give  a  very  efficient 
flame ;  but  for  some  fusions  more  gas,  with  more  air-pressure,  may 
be  needed. 

Now  the  ozybjdrogen  blowpipe  is  just  this  apparatus,  differing 
only  in  scale,  and  in  the  inner  or  jet-tube  carrying  pure  oxygen  in 
place  of  air.  By  this  the  most  intense  heat  obtainable  by  che- 
mical means  is  got,  especially  when  the  combustible  gas  is  pure 
hydrogen.  Indeed,  Deville  fuses  large  masses  of  platinum  and 
other  infusible  metals  readily  by  it.  As  an  example  of  its  powers, 
Messrs.  Johnaon  and  Matthey  had,  in  the  Exhibition  of  i86z,  an 
ingot  of  platinum  they  had  so  fused  and  cast,  of  z|  cvt. ;  also 
a  cake  of  iridium  of  27-^  oz. ;  and  they  ran  1  oz.  of  rhodium  into  a 
button  by  its  means. 

A  large  application,  or  rather  extension,  of  this  apparatus  has 
been  contrived  and  perfected  by  Mr.  Griffin,  under  the  name  of 
Griffin's  patent  portable  blast-furnace  ;  and  although  he  bus  rather 
set  it  aside  for  his  gas  melting  furnace,  already  described,  in  con- 
sequence of  its  requiring  constant  bellows-worlcing,  it  may  yet  l>e 
briefly  described  here.  It  consists  essentially  of  a  series  of  these 
jets,  in  his  small  furnace  amounting  to  6,  in  the  medium  to  16 ; 
and  in  a  large  one  which  he  supplies  their  number  is  increased  to 
30 ;  although,  for  the  latter,  the  supply  of  gas  required  is  so  large 
as  to  limit  its  usefulness  to  some  extent.  The  gas  is  supplied  to  a 
burner  in  the  form  of  a  cylindrical  turned  iron  box,  irum  the 
upper  surface  of  which  it  bums  from  circular  holes.  In  the  centre 
of  each  of  these  is  a  jet  in  connexion  with  an  under  chamber,  into 
which  air  is  forced  from  a  pair  of  double  bellows,  and  at  a  pressure 
of  s  inches  ;  that  is  to  say,  the  pressure  is  capable  of  sustaining  a 
column  of  water  5  inches  high.  The  supply  of  gas  afforded  by  a 
half-inch  pipe  suffices  for  the  medium  burner.  The  burner  is 
arranged  in  a  fire^slay  furnace,  and  placed  either  above  and  in- 
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verted,  ae  in  the  drawing,  ao  that  the  flame  may  play  down  upon 
the  pot;  or  it  may  be  pkced  below,  so  as  to  act  on  its  under 

The  pot  itself  is  surroiinded  by  a  small  perforated  jacket,  and 
placed  at  a  proper  distance  from  the 
burner,  viz.  at  about  2  inchea  from  it 
Between  the  jacket  and  outer  wall 
a  qiiFintity  of  small  pebbles  are  put, 
so  OS  to  retard  the  heat  in  its  pass- 
age outwards ;  and  these  are  said  by 
the  inventor  to  be  indispensable, 
where  the  extreme  effects  of  the  fur- 
Mr.  GrifBn  says  that  quantities 
of  8  to  10  pounds  of  copper  were 
melted  into  a  homogeneous  mass, 
with  a  1 6-hole  burner,  and  half-inch 
gas  pipe,  in  one  hour,     45  ouncea  of 

L"'  ||     "  "^  —  nickel  were  fbsed  ;  18,  18,  and  40 

—rJ--  -;:■.. .     -    K         ouncescast-ironweretiied;  iSounoes 
I  lused    in    i-J-x    hours.     The  40-os. 

crucible  gave  way  just  before  fti^on. 
I  The  furnaces  for  solid  fuels,  and 

I  employed  in  metalluigic  operations 

I  upon  the  small  or  large  scale,  may 

H  also  be  classed  under  two  kinds,  viz. 

wind  and  blast  furnaces.     The  first 
^' "'  comprising   all    those  wherein   the 

draught  is  created  by  natural  means  (mly,  and  especially  by  the 
careAil  proportioning  of  the  uze  of  the  furnace,  and  ita  arrange- 
ment of  air,  draught,  Ac,  to  the  size  and  height  of  the  chimney; 
the  second,  those  where  the  heat  is  urged  fay  throwing  in  a  power- 
ful blast  from  some  blowing-machine,  so  that  the  flue  is  a  secoad- 
ary  matter,  if  needed  at  all. 

For  the  melting  of  gold  and  silver,  as  for  all  ordinary  melting 
operations,  the  common  form  of  wind  IHimace  is  usually  employed. 
An  essential  part  in  it  is  a  brick  chimney,  sufficiently  high,  straight. 
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and  Bomewbat  gathered  in  at  the  top.  This  may  be  built  in  a 
wall,  and  the  furnace  placed  at  bottom,  in  the  &ont  of  it ;  and, 
for  operations  of  moderate  extent,  an  ordinary  house-flue  will  often 
suffice.  The  most  effective  height  for  such  a  chimney  is  found  to 
be  about  30  times  the  diameter  of  the  furnace  built  to  it  The 
autiior  constructed  an  excellent  one  in  his  own  laboratory  some 
years  since,  upon  the  following  plan  and  proportions.  The 
chimney  waa  just  30  feet  high  and  i  foot  in  diameter;  upon  the 
fkoe  of  this  the  furnace  was  built,  the  ash-pit  being  upon  the  floor 
leT«l ;  but,  where  heavy  pote  have  to  be  lifted  out  and  in,  it  is 
Bometimee  preferable  to  siuk  it  somewhat,  and,  moreover,  by  so 
dwng,  the  ashes  are  prevented  from  falling  out  iuto  the  laboratory, 
being  retained  in  the  so-formed  pit. 

The  lower  part  of  the  furnace  was  earned  up  solidly  in  good 
briclcs  and  coal-ash  mortar  for  i  foot  6 
inches,  the  centre  space  being  about  i  ] 
inches  square,  and  the  walls  9  inches 
thick.  At  thia  height  a  bar  was  placed 
at  back,  t  inch  in  width,  and  i^  inch 
deep,  running  from  side  to  side,  with  a 
similar  one  in  &ont.  These  wore  for  sup- 
porting the  fire-bars,  which  latter  were  of 
wrought-irou,  each  bar  being  i}  inch  deep, 
I  inch  broad  at  the  upper,  and  ^  inch  at 
the  under  surface.  Elach  end  was  flattened 
out  ^  inch  on  each  side ;  thus,  when  laid 
together,  ^-inch  spaces  were  left  at  the 
top,  gradually  opening  out  to  t  inch  un- 
demeadi.  Above  the  fire-bars  the  5uiwce 
vai  carried  up  to  a  height  of  1  foot  10 
inches  in  the  front,  the  sides  being  sloped 
up  to  tbe  bock  wall,  which  was  z  feet  3  inches.  This  latter  portion, 
or  flre-chajnber,  was  solidly  built  in  Stoiurbridge  bricke,  the  joints 
being  very  email,  and  made  in  good,  well-tempered  fire  lute.  At 
the  top  an  iron  ring  was  worked  in,  the  euds  being  crooked  into 
the  cfaunney,  so  as  to  tie  all  together.  This  ring  was  formed  of 
iron  zj-  inches  broad  by  \  inch  thick. 
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Tf  Biich  a  furnace  is  likelj  to  be  subject  to  much  wenr,  it  is 
better  to  cover  the  top  round  the  brick-work  with  a  cap  cast 
stoutly  in  iron.  This  forms  a  smooth,  clean  opening  round  the 
(ire-pot,  and  saves  wear  of  the  brick-work.  The  fiimace  just 
described  was  drawn  in  gradually  from  1 3  in.  at  the  fire-bars  to 
1 1-^  at  the  top.  ThuB  increased  space  was  afforded  at  the  fire- 
bars for  fuel,  and  at  the  same  time  the  taper  walls  exercised  a 
kind  of  reverberating  effect  upon  the  heat. 

At  about  7  inches  from  the  top,  the  flue  passing  into  tlie 
chimney  was  carried  out,  and  at  an  upward  angle,  so  as  to  free  it 
from  sharp  turns,  which  would  check  the  draught  And  here  the 
damper  was  built  in  so  as  to  drop  by  a  chain,  and  close  the 
chimney  opening ;  the  body  of  the  furnace  being  also  capable  of 
being  closed  up  by  a  large  Stourbridge  tile,  mounted  with  a  rim 
and  handles,  so  as  to  slide  and  cover  the  fire-pot  closely  when  the 
furnace  is  in  use. 

As  a  rule,  it  is  better  to  use  as  little  as  possible  of  iron  in  the 
way  of  ties  and  straps  in  fumace-work,  as  its  expansion  and  con- 
traction being  so  different  from  the  body  of  furnace  material,  it  is 
likely  to  cause  crocks  and  nnsoimdness  in  the  work,  especially 
if  injudiciously  placed. 

At  "Messrs.  Browne  and  Wingrovo's,  the  Bonk  rocltcrs,  where 
large  operations  have  to  be  performed  with  much  speed,  twenty- 
four  of  these  furnaces  are  built  in  one  lai^  room,  being  placed  in 
four  divisions  of  six  each  in  each  angle  of  the  room,  that  is,  three 
upon  each  side  wall ;  the  centre  of  each  wall  having  a  door  open- 
ing to  admit  air.  The  coke  is  stored  in  the  centre  of  the  room  so 
as  to  be  accessible.  These  furnaces  being  frequently  employed 
for  melting  silver  bars  of  zooo  or  more  ounces  each,  are  lowered  so 
much  that  the  top  opening  is  not  more  than  about  1  foot  8  inches 
from  the  ground,  hence  the  lifting  of  a  hcnvy  pot  is  facilitated. 
Again,  the  tops  are  closed  by  a  couple  of  thick  iron  plates,  ^vhich, 
sliding  on  an  iron  fillet  placed  on  the  top,  admit  thus  of  the 
quick  opening  and  closing  of  the  furnace.  It  is  always  advan- 
tageous to  have  a  small  door,  opening  on  each  side  of  a  wind- 
fumaoe  at  the  fire-bar  level,  wide  enough  to  expose  the  ends  of  at 
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least  two  bara  on  each  side. '  By  these  openings  we  are  able  to 
withdraw  the  bars,  and  allow  the  fuel  to  fell  into  the  tuth-pit, 
and  BO  lower  the  heat  immediately,  a  proceeding  sometimes 
deeirable.     The  crucible  remains  standing  upoD  the  centre  ban. 

As  a  construction  of  furnace  known  as  the  reverberatory 
fiiniace  will  frequently  be  mentioned  in  the  special  part  of  this 
book,  it  may  as  well  be  described  generally  here,  bearing  in  mind 
that  it  is  constantly  modified  to  suit  particular  operations. 

The  characteristic  point  in  the  reverberatory  fiimace  is,  that 
the   fire-chamber  (A)  is  separated  from  the  one   in  which   the 


Fig.  ij. 

materia]  to  be  operated  upon  is  placed,  and  the  general  construc- 
tion is  such  that  the  heat  and  flame  may  be  thrown  down  upon 
the  charge.  This  fire-chamber  is  built  up  solidly  in  front ;  imme- 
diately behind  this,  and  rising  somewhat  above  the  level  of  the 
fiiel,  is  formed  a  bridge,  or  wall  of  fire-brick  (B),  in  some  cases 
built  to  a  thickness  of  a  feet,  and  then  carried  full  a  foot  high 
above  all. 

Neit,  passing  backwards  is  the  sole  or  bed  of  the  furnace  (C), 
variously  formed  and  proportioned,  accordug  to  the  kind  of  work 
to  be  performed  in    it.     Thus,  in   the  ftimacea  where  the  first 
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operfttioDB  upon  copper  orea  fire  carriod  out,  they  are  flat  and 
shallow,  for  the  object  here  is  to  expose  a  large  surface  to  heat 
and  air,  BO  as  to  drive  off  Bulphur  aud  absorb  oxygen.  In  othen,  a 
depression  is  formed  in  the  sole  itaelf,  ao  as  to  allow  of  the  gravi- 
tation and  collection  of  fused  matters ;  but  in  all  cases,  as  the 
load  to  be  sustained  is  more  or  leas  considerable,  so  this  part  of 
the  work  is  very  compactly  built. 

Rising  from  the  front  wall  above  the  fire-pot,  and  passing 
backwards,  ia  the  reverberating  arch,  D ;  this  rises  so  as  to  be  from 
■■  foot  to  1 8  inches  above  the  bridge  as  it  passes  over,  from  which 
elevation  it  is  made  to  descend  gradually  to  the  back  of  the  sole, 
whdTB  it  ends  in  a  chimney,  seldom  less  than  40  feet  high,  as  it  is 
always  carried  sufficiently  high  to  cause  a  strong  draught 

The  height  of  the  reverberatoiy  arch  above  the  bed  also  varies 
according  to  the  different  uses  of  the  fiimoces.  Thus,  in  some, 
where  working  upon  the  contents  of  the  bed  has  to  be  carried  on, 
they  are  kept  high  ;  while  in  others,  as  in  lead-improving  furnaces, 
tho  arch  is  carried  low  over  the  bed  so  as  to  bring  the  heated 
currents  of  air  as  much  as  possible  in  contact  with  the  fused 

Now  it  will  at  once  be  seen  that  the  body  of  heat  and  flamo 
passing  up  from  the  fire  is  at  once  thrown  bock,  or,  as  it  is  said, 
'  reverberated,'  by  the  formation  of  this  arch  immediately  above, 
and  inclining  towards  the  back,  where  the  chimney  vent  ia 
situated. 

In  large  reverberatories,  openings  are  formed  at  the  sides  as 
the  working  may  requira  Thus,  in  those  employed  for  cupelling 
silver  upon  the  targe  scale,  it  is  not  only  necessary  to  be  able  to 
inspect  the  operation,  but  also  to  form  an  entry  for  the  bellows 
blast,  and  beside  these,  outlets  for  the  lithaige  generated.  Again, 
in  iron  puddling  furnaces,  which  are  of  tliia  claas,  the  operation  is 
effected  by  a  workman  using  a  paddle  through  a  side  door,  opening 
at  about  the  centre  of  the  sole  of  the  furnace. 

It  may  be  mentioned  that  here,  this  general  description  of 
these  furnaces  may  suffice,  as  they  are  almost  entirely  employed 
in  large  operations ;  the  muffle  furnace  supplying  their  place  for 
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Bmall  ones.  This  latter  will  be  described  when  the  subject  of  the 
BeBay  of  eilver  and  gold  is  treated  of 

Psfiaing  now  to  blast-^imaces,  the  ordinaiy  blacksmith's  forge 
may  be  given  as  an  instance  of  the  most  common  form,  as  well  as 
an  illustration  of  the  principle.  In  it  an  intense  and  concentrated 
heat  is  produced  by  a  very  small  amount  of  fuel.  Indeed,  in  blast- 
furaaces  generally  (if  we  except  the  large  hiaat  iron  Aimaces),  the 
fir&<;hamber  would,  at  first  sight,  appear  to  be  very  inadequate  to 
the  great  heat  obtained,  but  it  must  be  remembered  that  (as  in 
the  blowpipe)  this  depends  upon  the  amount  of  oxygen  thrown  in 
by  the  blast,  whence  also  the  heat  is  rapidly  got  up. 

Two  forms  of  these  furnaces  may  be  described  here  as  particu- 
larly useful  in  the  laboratory  for  small  melting  operations,  and 
the  like.  The  first  is  one  described  by  Faraday  in  his  '  Chemical 
Manipulation,'  to  which  the  render  is  referred  for  its  more  parti- 
cular description.  It  is  formed  of  a  large  black-lead  pot,  in  which 
is  placed  a  second  smaller  one,  the  space  between  the  two  being 
filled  with  pounded  fragmenta  of  old  pots.  The  bottom  of  the 
inner  one  is  sawn  oflf  so  as  to  admit  of  the  grate  being  placed  inside 
it,  to  form  the  fire-chamber.  The  bellows  nose  is  admitted  by  a 
hole  bored  through  the  outer  one  at  its  lower  end.  As  n  fuel 
Faraday  employed  coke,  and  he  says,  that  compared  to  the  beat 
obtained  its  consumption  is  very  smnll,  and,  further,  that  the 
want  of  vesselB  which  will  withstand  the  intenwity  of  the  heat 
produced  has  hitherto  been  a  limiting  cause  to  its  usefulness.  It 
is,  nevertheless,  a  most  useful  and  efiective  furnace,  and  veiy  port- 
able and  manageable.  .  The  furnace  known  aa  Aikin's  blast- 
fiimace  is  formed  somewhat  in  the  same  way. 

The  second  form  is  that  known  as  Sefstrom's  furnace,  which  I 
have  long  been  in  the  habit  of  using,  and  which  is  a  most  effective 
apparatus.  In  ita  construction  two  cylindrical  vessels  are  first 
formed  in  very  stout  slieet-iron ;  the  larger,  which  is  to  form  the 
outer  wall  of  the  furnace,  may  be  8  inches  high  by  9  inches  dia- 
meter. Tbe  smaller  or  inner  vessel  should  then  be  ihe  same 
height,  but  of  7  inches  diameter ;  upon  the  outside  of  the  latter 
are  fixed  six  small  iron  squares,  three  at  the  Iwttom  by  way  of 
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legs,  and  the  remaining  three  at  equal  distances  round  the  circum- 
ference ;  and  at  i  J  inch  from  the  top,  these  serve,  when  the  small 
vesBel  is  in  ita  place  in  the  laiger 

_ _  one,  to  keep  the  two  apart,  so  as 

fM  Km       to  leave  an  air-chamber,  i  inch  wide, 

H    JJ    H  between  them  both  at  the  aides  aad 

J  I-jy\  J  bottom.    A  sheet-iron  ring  la  formed 

^^^_   ^HMt^L         just  to  fill  up  this  epBoe  between 

■     .-  »      them :    this    is    dropped   upon   the 

three  side  squares,    and    the    little 

gutter  so  formed  is  next  plastered  up 

f  the  outer  vessel  a  taper  tube  is  fixed,  of 


Fig.  H. 


by  luto.  At  the  bottom  o 

about  t  inch  in  diameter  at  its  smaller  aud  outer  end.  This  ia  for 
connexion  with  a  pair  of  table  bellows,  by  which  the  blast  of  air  is 
to  be  supplied.  Then  in  the  inner  chamber  eight  holes  of  ^-inch 
diameter  are  formed  ;  and  at  3  inches  &om  the  bottom,  these  give 
passage  for  the  blast  to  the  fuel,  all  around  the  crucible.  The 
fire-chamber  is  lined  by  fire-lute  to  about  {  of  an  inch  in  thiokness, 
both  upon  the  bottom  and  round  the  sides ;  and  its  capacity  is  in- 
creased fay  a  ring  of  sheet-iron,  two  or  three  inches  deep,  made  to 
slip  over  tliat  port  of  the  inner  vessel  which  atimda  above  the 
outer  one ;  thus  increased  depth  is  given  for  fueL* 

In  using  this  furnace,  an  inverted  pot  may  first  be  put  ia  to 
serve  aa  a  stand  for  the  crucible,  so  as  to  bring  its  bottom  port 
about  up  to  the  level  of  the  air-holes.  The  liiel  is  then  thrown  in 
to  the  same  level,  and  the  crucible  put  in  ;  next  a  httle  hot  char- 
coal, when  tlie  wliole  is  to  be  filled  round  the  crucible  with  anthra- 
cito.  In  such  a  manner  the  author  has  meltod  a  bar  of  silver  of 
two  pounds  weight  in  about  fourteen  minutes  from  the  time  of 
putting  it  cold  into  the  pot ;  but  it  is  necessary  to  have  the  fuel 
first  of  a  fit  aize,  neither  too  large,  nor  containing  any  dust,  and 
also  to  keep  the  blast  steadily  up  from  the  bellows.  On  the  whole, 
it  ia  a  moat  uaeful  furnace,  aud  operationa  may  be  carried  on  upon 
a  tolerably  large  scale  in  it.    The  dimenaions  given  here  being  for 

*  Boih  this  ring  ond  the  squaivB  an  omitifid  in  the  drowiiig. 
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a  Teiy  small  one.  iDdeed  this  size  may  be  well  used  upon  a  stool 
placed  upon  ttie  bellows  table  described  at  pt^e  S9.  Ita  dis- 
advantages, however,  are  the  need  of  effective  solid  fuel,  its  need- 
ing a  blast ;  and  last,  but  not  the  least,  the  dust  that  is  thrown 
out  from  it  in  use.  Hence  where  gas  can  be  obtained,  one  of  the 
gas  furnaces  on  the  wind  plan  already  described  is  to  be  preferred. 

Id  the  '  An.  de  Chem.  et  Fbys.'  for  1 856,  Deville  describes  a 
most  powerful  blast-furnace  on  a  somewbat  similar  plan  to  Sef- 
strom'a.  It  consisbt  of  a  cylindrical  iron  vessel,  having  a  hemi- 
spherical bottom.  It  ia  lined  with  fire-clay,  and  the  bottom  is 
covered  with  a  circular  plate  pierced  with  boles  through  which  the 
"  blaet  is  thrown  up.  The  heat  so  obtained  is,  with  proper  fuel, 
intense.  Deville  melts  platinum  in  it,  and  states  that  it  runs 
down  ordinary  cnicibles,  so  that  he  employs  lime  ones,  or  at  times, 
carbon  or  alumina  crucibles.  One  advantage  of  his  form  of  fur- 
nace is  the  capability  it  afibrda  of  much  more  easily  removing  ash 
and  clinkers. 

For  the  construction  of  furnaces  a  class  of  clays  are  employed, 
known  as  refWtory  or  fire-clays.  Thene  are  used  not  only  in 
furnace-building,  as  mortars  are  in  usual  building  opemtions,  but 
also  for  the  formation  of  fire-bricks  and  lumps,  and  further,  for  the 
fabrication  of  various  vessels  and  apparatus  required  to  stand 
extreme  heats  such  as  crucibles,  muffleij,  retorts,  and  the  like. 

Speaking  generally  of  claya,  they  are  composed  of  alumina, 
silica,  and  water ;  when  comparatively  pure  they  are  nearly  white, 
but  they  are  generally  associated  with  other  bodies,  which  modify 
their  appearance  and  properties.  Thus  they  frequently  cont^n  lime, 
magnesia,  and  oxide  of  iron.  When  heated,  their  water  is  driven 
ofit  and  then  they  shrink  considerably,  ae  in  the  burning  of  ordi- 
nary bricks  for  example.  If  strongly  heated,  partial  fusion  takes 
place.  Thus  in  some  kinds  of  pottery  the  glazed  surface  is  a  fused 
one,  and  again  the  clinkering  of  bricks  is  an  example  of  the  same 

The  plastic  paste  obtained  by  moistening  clays  with  water,  is 
very  tenacious,  and  henoe  capable  of  being  moulded  into  various 
forma,  which  are  mainttuned  after  diying  and  burning ;  althougli 
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somewhat  contracted  from  loss  of  water  and  shrinking,  as  aboYc 
stated. 

The  essentiab  of  a  good  fire-clay  are: — That  it  should  be 
thoroughly  refractory  and  infusible ;.  ho  that  from  the  former 
quality  it  shall  stand  exposure  to  rapid  changes  of  temperature 
without  cracking,  and  from  the  latter,  high  heats  without  any 
great  degree  of  softening,  and  oonsequeut  alteration  of  shape. 
The  greater  the  amount  of  ailica  in  them  the  better  for  these 
qualities,  and  thus,  where  a  clay  ia  deficient  in  silica,  it  is  cus- 
tomary to  add  sand  in  working  it. 

On  the  other  band,  any  considerable  quantity  of  lime,  mag- 
nesia, or  oxide  of  iron,  tends  much  to  render  a  clay  fusible- 
Fusibility  varies  also  with  the  porosity  of  a  clay  after  it  has  been 
burned,  and  also  with  the  method  itself  of  burning.  Then-  con- 
traction is  influenced  by  the  amount  of  water  they  contain,  there- 
fore for  lutes,  as  also  for  material  for  crucible-making,  it  ia  always 
necessary  to  work  with  tlie  taw  a  certain  quantity  of  old  burned 
clay,  either  grinding  for  the  purpose  broken  crucibles,  portions  of 
old  ones  clean  from  any  substances  for  which  they  may  have  been 
previously  employed,  or  else  fresh  clay  burned  for  the  express 
purpose,  so  as  to  have  at  least  one-third  of  the  mass  made  up  of 
such  dehydrated  material ;  and  it  is  for  the  same  object  that  sand, 
graphite  (carbide  of  iron),  or  powdered  coke,  are  also  so  mixed. 

The  clays  arc  found  in  many  parts  of  England,  but  by  far  tlie 
greatest  amounts  are  from  Stourbridge  and  Newcastle. 

Tlie  following  table,  containing  some  analyses  of  Stourbridge 
and  Newcastle  clays,  will  give  the  reader  a  clue  to  the  relative 
proportions  of  the  chief  constituents  :  — 
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An  aualjBJB  made  in  my  laboratory  of  Stourbridge  clay,  by 
Cowper,  gives  very  closely  the  same  oompoaition. 

It  will  be  seen  that,  in  the  two  single  analyses  of  Newcastle 
clay,  great  difference  as  to  the  proportions  of  silica,  alumina,  and 
oxide  of  iron  exists,  and,  consequently,  corresponding  difference  in 
their  characteriiiticB  in  use  ;  but  in  the  last  column,  where  an 
average  of  seven  varieties  is  given,  it  will  be  observed  that,  upon 
the  whole,  their  proportions  very  much  aasimilate  those  of  the 
Stourbridge  clay,  and  that  in  them  the  proportion  of  silica  is  very 
large,  hence  their  reiractory  nature  j  and  an  extreme  point  as  to 
the  proportion  of  silica  ia  reached  in  Welsh  Dinas  clay,  which 
Percy  speaks  of  as  Diuns  material,  which  '  is  called  clay,'  and  gives 
the  following  analysis  of  it:*  Silica  983 1,  alumina  071,  oxide 
of  iron  o'lS,  lime  o'zi,  potash  and  soda  o'l^,  combined  water 
o'35,  ^  99'9Z  parts.  For  working,  it  ia  mixed  with  i  per  cent 
lime,  and  sufficient  water  to  form  a  paste, 

Siemens  says  that  Welsh  Dinas  brick  is  the  only  material 
praetically  available  on  the  large  scale  which  he  has  found  capable 
of  resisting  the  extreme  heat  of  steel  melting  furnaces,  and  that  it 
is  '  nearly  pure  silica.' 

Nearly  approaching  the  latter  in  the  quantity  of  silica  is  thff 
clay  found  at  Ewell,  in  Surrey.  This  latt«r,  as  also  the  'Windsor' 
clay  found  near  Hedgerley,  in  Bucks,  has  been  much  used  hy  the 
author  and  found  excellent  Riley*  states  that  the  bricks  mad& 
from  Ewell  clay  contain  91 '84  per  cent  silica.  The  clay  itself  ia 
of  a  greenish  yellow  colour,  and  very  plastic.  The  latter  authority 
states  the  amount  of  silica  in  Dinaa  brick  aa  94*33  per  ceLt. 
Cowper's  analysis  of  thn  Monmouth  clay  gives  753  per  cent  silica^ 
and  of  Pembroke  88  per  eent 

Lutes  are  a  class  of  cements  formed  for  the  most  part  of 
refiractory  clays.  Thus,  when  employed  as  a  mortar  in  fumace- 
woit,  they  give  the  finished  work  a  homogeneous  atmcture- 
They  are  also  used  to  cement  the  joints  of  apparatus,  as  covers 
upon  crucibles,  the  junctions  of  tubes,  the  fitti:^  up  of  mufile- 
work,  and  the  like. 
*  MrlnVurgj.  vol.  i.  p.  137.        +  Chtm.  S  e.  JoHnal,  1B61,  toL  xr.  p.  jii. 
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Stourbridge  clay  forma  by  far  the  most  applicable  lute,  and 
vhon  ground  up  with  a  portion  of  preriouBly  bunit  clay,  or  broken 
crucible  ware,  as  described,  it  will  resist  high  temperature  better 
than  auy  other  material.  In  using  it,  the  powder  should  be 
moistened  with  water,  allowed  to  soak  a  little  time,  and  then  well 
beaten  with  a  heavy  wooden  mallet  until  quite  plastic,  and  in  that 
state  it  should  be  employed. 

Ewell  clay,  or  again  Windsor  loam,  may  be  thus  used.  The 
latter,  as  already  stated,  is  a  natural  mixture  of  clay  and  sand, 
and  serves  well,  when  appUed  as  a  coat  to  day  Teasels,  to  diminish 
their  porosity.  For  this  end  it  should  be  mixed  with  a  tenth  part 
of  borai,  and  the  mixture  made  tolerably  thin  with  water,  so  as  to 
apply  it  with  a  brush. 

There  is  also  a  lute  much  used  for  the  latter  purpose  nuder 
the  name  of  '  Willis's  lute.'  It  is  made  by  dissolving  i  os.  of 
borax  in  half-a-pint  of  water,  and  then  adding  slaked  lime  enough 
to  form  a  tiiin  paste ;  this  is  brushed  over  the  vessel  and  allowed 
to  dry.  Then,  before  using,  a  second  coat  of  slaked  lime  in  linseed 
oil  is  applied.  This  latter  should  be  of  the  oonsisteace  of  a  plastic 
mass.  The  vessel  is  then  allowed  to  diy  for  two  or  three  days, 
when  the  pores  will  be  found  to  have  been  thoroughly  closed  up  if 
the  application  has  been  carefully  made. 

F.  B.  Miller  similarly  employs  borax,  but  alone,  in  order  to  do 
away  with  the  porosity  of  a  clay  crucible ;  he  dips  it  in  a  saturated 
hot  solution,  and  by  this  means  so  fills  the  pores,  as  to  render  it 
impervious  to  even  so  fluid  a  body  as  fused  argentic  chloride. 

In  some  of  the  ihore  delicate  operations  of  the  metalluij^c 
laboratory,  glass  tubes  are  employed ;  and  it  is  often  necessary  to 
sjcure  any  junctions  by  the  tud  of  lute;  now  for  such  purpose 
phister  of  Paris  forms  an  excellent  one,  especially  if  mixed  with 
glue-water,  when  it  will  dry  and  form  a  very  firm  joint.  The 
Becret  in  iiEing  plaster  of  Paris  consists  in  making  it  sufficiently 
thin,  and  applying  it  quickly.  The  glue  causes  it  to  dry  slower 
and  assists  in  forming  the  joint. 

In  building  large  furnaces  such  as  those  for  reducing  iron  oras, 
as  blast  furnaces  and  similar  large  works,  a  brick  is  employed 
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fonned  from  Stourbridge  or  some  analogous  clay,  according  to 
locality,  but,  in  the  oongtruction  of  the  small  fumaceB  of  the 
laboratory  or  melting-house,  two  kinds  of  bricks  are  employed 
under  the  name  of  fire-bricks,  for  in  all  cases  the  ordinary  building 
bricks  are  quite  unfitted  for  such  purposes,  the  clay  of  which  they 
are  formed  contains  too  much  alumina,  and  is  too  much  miied  with 
foreign  matters  (as  oxide  of  iron  and  the  like)  in  resist  the  action 
of  the  fire,  as  also  to  sustain  changes  of  temperature ;  consequently 
they  would  be  speedily  cracked  and  broken  up  by  suoh  use,  if  at 
all  exposed  to  heat,  and  therefore,  where  we  are  compelled  to  em- 
ploy them,  it  should  only  be  for  external  work ;  the  fire-chamber 
in  such  a  case  being  lined  with  Stourbridge  bricks,  or  fire-lumps. 
The  analysis  of  an  ordinary  sample  of  building  brick  clay  may  be 
here  given  as  an  average  example  :  silica  49'4.4,  alumina  34'36,  ox- 
ide of  iron  774,  lime  i -48,  magnesia  S'H-  water  194  =  100  parts. 
Stourbridge  clay  forms  most  refractory  bricka  They  are  white, 
dense,  and  compact,  and  most  valuable  for  all  large  kinds  of  work, 
where  there  is  not  much  shaping  or  cutting  required.  But  in  the 
smaller  kinds  of  furnace  work,  where  consequently  some  cutting 
has  to  be  done,  it  is  only  to  be  effected  by  carefully  operating  upon 
them  with  the  chisel  and  hammer. 

Hence  for  such  small  work  the  second  kind  of  bricks  known  as 
Windsor,  or  in  the  trade  PP  bricks,  are  very  useful  These  are 
not  much  known,  as  their  manufacture  is  confined  to  Hedgerley,  a 
small  place  near  Windsor.  They  are  of  a  red  colour,  very  silicious, 
but  soft,  easily  cut  and  shaped,  and  yet  standing  heat  very  well. 
The  best  method  of  cutting  them  is  by  a  piece  of  rinc  roughly 
notched  out  as  a  saw,  and  then  the  more  accurate  figure  required 
may  be  readily  given  them  by  grinding  upon  a  rongh  flat  stone. 
In  this  way  the  small  circular  furnace  formerly  made  by  the  late 
Mr.  Newman,  and  sold  by  him  as  bis  'nniversal  furnace,'  was  lined 
by  cutting  the  bricks  with  care  to  the  radius  of  the  circle  they  are 
to  form,  when  they  key  in  like  an  arch,  and  so  need  no  luting  what- 
ever.  And  any  similar  small  work  may  be  thus  compactly  lined 
with  them,  without  lute. 

For  the  formation  of  onioibles  there  is  no  material  equal  to 
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Bucli  claya  as  conbtiu  little  or  no  lime  or  oxide  of  iron.  But 
crucibles  formed  even  of  the  best  varieties  of  clay  are  more  or  leas 
fusible  under  strong  heats,  especially  when  used  with  certain 
fluxes,  which  are  liable  to  act  upon  them,  but  by  well  working  up 
with  the  clay  a  portion  of  carbide  of  iron  or  graphite,  their  iofufii- 
hility  is  much  increased.  Crucibles  containing  this  addition  are 
known  as  black-lead  or  plumbago  crucibles.  Their  capacity  for 
resisting  changes  of  temperatiire  is  also  increased  by  this  mixture, 
even  as  by  that  of  sund,  flint,  or  ground-up  pots,  as  before  men- 
tioned ;  but  all  these  qualities  are  far  best  obtained  by  means  of 
graphite  in  moderate  quantity ;  i^  however,  it  bears  too  great  pro- 
portion, it  is  liable  to  bum  out  and  leave  a  porous  oruoible.  The 
mixture  should  not  exceed  two  to  three  parts  of  black  lead  to  one 
of  clay,  according  to  circumstances. 

But,  although  excellent  in  the  above  desirable  qualities,  there 
are  cases  wherein  we  cannot  employ  black-lead  pots  ;  for  instance, 
metallic  oxides,  if  heated  in  them,  are  sure  to  be  partially  re- 
duced, and  in  some  cases  completely,  consequently  in  such  cases 
we  are  thrown  back  upon  the  ordinary  clay  crucible.  At  Krupp's 
works  at  Essen,  where  immense  quantities  of  steel  are  melted  for 
the  same  cost,  blaok-lead  crucibles  are  used,  and  but  for  one 
operation,  after  which  they  are  ground  up,  mixed  with  fresh  mate- 
rial, and  again  formed  into  pots  for  further  use. 

In  the  manufacture  of  crucibles,  the  clay,  afler  being  exposed 
to  the  air,  or  weathered  (and  this  is  best  done  in  winter  time, 
when  water  and  frost  disintegrate  the  clay),  it  is  ground,  and  then 
treated  with  water ;  and  if  black-lead  crucibles  are  to  be  made, 
this  substance  is  mixed  with  the  material.  As  their  excellence 
much  depends  upon  thorough  incorporation  of  these  matters,  the 
mass  is  next  well  wicked  up  in  a  mill,  or,  in  some  places,  it  is  trodden 
for  some  hours  by  the  feet,  until  it  becomes  thoroughly  plastic. 
It  is  then  formed  into  crucibles  upon  an  ordinary  potter's  wheel, 
after  which  they  are  dried  slowly  and  burned. 

Three  kinds  are  iu  common  use,  the  Hessian,  or  triangular, 
Cornish,  and  London  pots. 

The  first  are  of  a  coarse  brown  clay,  which  contains  a  good 


ON  HEATINO-AFFABATnS,  FURNACES,  ETa  105 

proportion  of  sharp  quarts  sand,  they  bear  a  very  high  t«mpe- 
mture  without  getting  out  of  shape,  nor  are  they  very  readily 
acted  upon  by  fluxes. 

I  have  used  these  pota  and  found  them  very  good,  but  Percy 
gays  that  those  he  has  tried  do  not  Justify  the  high  character 
to  which  '  the  genuine '  he  has  no  doubt  is  entitled.  He  says  they 
were  too  readily  acted  upon  by  oxide  of  lead,  and  this,  by  the 
way,  is  a  fault  of  all  pots  made  of  very  silicious  clays.  The  Hes- 
sian pots  are  made  of  Almerode  clay  mixed  with  its  own  weight  of 
sand.  Berthier  gives  their  analysis  as  70*9  silica,  24-S  alumina, 
3'8  sesquiozide  of  iron,  =  99-5  parts.  The  Cornish  pots  are  nearly 
white,  and  of  a  rough  texture  ;  they  are  excellent  in  quality,  more 
especially  the  small  pota,  I  have  u^ed  those  made  by  JiUeff  (of  Eed- 
nith) ;  these  have  been  analyzed  by  Diuk,  and  veiy  much  resemble 
ia  composition  the  Hessian  in  their  relative  proportions  of  silica  and 
alumina.  They  contain  7139  silica,  15*32  alumina,  I'o^sesqui- 
oxide  of  iron,  0*38  lime,  a  trace  of  magnesia,  and  i'i4  potass, 
=  100-30  parte,*  The  London  pots  are  neater  and  more  cleanly 
in  appearance,  but  are  the  worst  in  quality,  being  very  readily 
softened,  and,  moreover,  the  lai^  pots  not  capable  of  standing 
changes  of  temperature  without  cracking.  They  are  reddish-brown 
in  colour.  Smaller  pots  are  made  of  a  white  clay  by  the  Plum- 
bago Crucible  Company  under  the  name  of  white  fluxing  pots.  I 
have  used  the  smallest  of  these  as  annealing  pots.  These  stand 
moderate  temperatures  well,  and  rapid  changes  without  cracking. 

An  excellent  small  pot  is  imported  from  France  for  annealing 
operations  in  gold  assaying,  but  the  French  also  make  good  refrac- 
tory crucibles  for  general  use  ;  they  are  known  as  Beaufiiy's,  and 
as  Deyeux's  omciblea.  The  latter  are  very  refractory,  and,  like 
the  Hessian,  are  formed  by  mixing  day  and  quartz.  They  con- 
tain 72-3  silica,  ig-$  alumina,  3*9  sesquioxide  of  iron,  and  1-8 
water,B9p-5  parts. 

Beau&y's  are  composed  of  1  part  Ardennes  clay  as  found,  and 
2  porta  of  the  same  burned,  ground,  and  worked  with  the  former. 

•  Percy,  MtlaUmtyg,  voL  i.  p.  iti. 
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Composition,  64*6  silica,  34*4  alumina,   i  'o  seBquiozide  of  iron, 

Of  all  flulBB  there  is  none  bo  destructive  to  clay  crucibles  as 
litharge,  it  will  corrode  and  eat  completely  through  them  by  forming 
fusible  compounds  with  the  aUicates  of  the  olay ;  but  the  alkalis, 
or  calcareous  matters  coutained  in  the  ash  of  the  fuel  employed, 
also  act  as  a  corroaiTe  flnx  upon  them.  Hence,  we  sometimes 
enclose  a  crucible  in  a  second  one,  with  a  layer  of  clay  betireen 
them,  when  employed  under  such  circumstances. 

It  ia  also  customary  to  line  a  crucible  whore  we  fear  it  may  be 
acted  upon  by  its  contents,  or  where  it  is  au  object  to  prevent 
their  adheeion  to  it ;  or  at  other  times  this  is  done  to  furnish 
carbon  to  metallic  oxides  to  be  heated  and  so  decomposed.  For 
these  purposes,  charcoal  is  employed,  and  in  the  following 
manner  ; — The  crucible  is  first  wetted  ;  (ben  a  paste  of  powdered 
charcoal  with  water  is  pressed  on  to  about  half  an  inch  thick  with 
a  wooden  pestle  ;  after  slightly  roughening  this,  a  second  is  ap- 
plied ;  and  again  until  the  pot  is  fuU.  Then  the  centre  is  scooped 
'  out  as  much  as  requisite,  and  it  may  be  to  within  half  an  inch  of 
the  bottom,  and  a  quarter  or  less  at  the  sides,  the  surface  being 
at  last  left  quite  smooth  by  buruiahing.  Where  such  treatment  is 
inapplicable,  as  in  some  cases  where  litbatge  is  employed,  the 
action  of  the  latter  may  be  much  diminished  by  rubbing  the  pot 
well  over  with  red  ochre,  or  even  with  chalk. 

Percy  gives  the  following  method  of  '  brasquing,'  or  lining 
crucibles  with  charcoal  for  purposes  of  iron  assaying,  where  email 
No.  I  French  crucibles  have  to  be  so  lined  :  -Mi»  6J  oz.  charcoal 
in  powder  with  i  oz.  5  dwts.  of  treacle,  and  beat  it  in  a  mortar 
with  enough  water  ta  make  it  cohere.  The  crucibles  are  then 
lined  (and  the  above  quantity  will  line  about  two  dozen  such  as 
named),  and  the  cavity  pressed  out  by  a  former.  They  are  then 
covered  lightly,  put  into  a  mufSe,  and  heated  till  flame  cease  to 
appear  at  the  mouth,  and  removed  when  cold.  He  says  the 
lining  should  be  smooth,  with  no  cracks,  and  close  in  texture. 

In  order  to  asoertain  the  qualities  of  crucibles^  the  following 
tests  may  be  employed  : — 
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First,  if  thej  are  ordinfliy  day  ouea,  thej  are  to  be  heated  io- 
teaaely  and  then  exposed  to  auddan  oold  by  withdrawing  quickly 
from  the  furnace  ;  if  they  etand  thU  it  will  be  as  much  as  can  be 
expected  from  them.  But,  in  the  case  of  black-lead  pots,  they 
should  be  capable  of  bearing  the  sudden  [Junge  into  a  vessel  of 
oold  water  at  the.  moment  they  are  withdrawn  from  a  hot  furnace, 
the  pot  being  of  a  full  red  heat  when  plunged  in, 

I  const&ntly  test  them  in  this  latter  way,  and  remember  first 
seeing  Mr.  Ruel,  some  years  since  at  his  factory  at  Shepherd's 
Bush,  make  a  lai^  pot  (capable  of  containing  some  ten  or  twelve 
pounds  of  melted  metal),  nearly  white  hot,  and  then  plunge  it  into 
water  as  removed  from  the  fire.  This  it  stood  without  cracking 
or  the  least  injury.* 

Secondly,  they  should  be  examined  as  to  their  fusibility,  by 
taking  a  small  fragment,  and  heating  intensely  before  the  blow- 
pipe ;  if  the  ragged  edge  remain  so,  without  rounding  from  fusion, 
the  pot  is  perfect  in  this  respect. 

Then  they  should  have  a  quantity  of  litharge  fiised  in  them, 
many  will  be  quite  destroyed,  and  the  litharge  pass  through  holes 
formed  in  them  by  its  corrosive  action,  others  will  be  more  or  leas 
Bofteued  by  this  test 

Lastly,  the  closeneaa  of  their  texture  is  shown  by  the  time 
elapsing,  after  filling  them  with  water,  before  it  appears  exter- 
nally. Sometimes,  however,  they  are  made  purposely  porous,  as 
in  the  case  of  assay  pots,  where  metal  is  first  introduced  into  the 
pot  with  water,  the  last  portions  of  which  have  to  be  driven  out 
during  the  annealing  of  the  metal. 

Crucibles  are  sometimes  formed  of  iron ;  thus,  in  our  Mint,  all 
the  silver  for  coinage  was,  until  lately,  melted  in  iron  pots.  They 
now  emfdoy  plumbago.  Their  use,  however,  is  more  fit  for  saline 
fusions  in  the  laboratory.  Crucibles  are  also  made  of  fiue  porce- 
lain, of  gold,  of  silver,  and  of  platinum,  according  to  desired  uses ; 
tlie  latter  being  invaluable  in  the  laboratory  of  research,  from 

*  Messrs.  Bael's  pots  are  excsUeot  in  qualit]',  as  also  are  those  of  tha 
Patent  Plnmbaga  Crucible  Companf  atBattenea. 
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their  power  of  resisting  chemical  action,  and  also  from  their  excel- 
lent conduction  of  heat,  hj  virtue  of  which  the;  become  speedily 
and  unifonnly  heated,  even  in  some  cases  in  Uie  ordiniuy  gaa 
flames  already  described. 
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OF  THB  FUELS  APPLICABLE  TO  UETALLUBQIC  OPERATIONS. 


Itr  considering  the  various  fuels  applicable  to  metallurgic  opera- 
tions, coal  may  occupy  the  first  place,  aa  being,  in  this  country,  of 
by  far  the  largest  application,  either  in  its  raw  state  or  prepared 
as  coke.  The  first  is  useful  where  a  flaming  fire  is  required.  This 
flame  is  the  result  of  the  evolution  of  combustible  gases,  which 
also  render  coal  easy  of  ignition,  for  the  first  application  of  heat 
to  it  canses  their  evolution  and  ignition,  and  they  assist  in  in- 
flaming the  actual  carbon  of  the  coal.  Hence  a  carbonaceous  coal 
like  anthracite,  which  contaius  little  or  no  gas,  is  difficult  of  in- 
flammation, and  this  is  further  increased  by  its  density,  for  char- 
coal, also  nearly  pure  carbon,  inflames  readily,  because  its  porous, 
or  non-dense  condition,  allows  of  its  retaining  much  atmospheric 
air,  which  faciLitates  its  combustion. 

In  coke  we  have  a  fuel  which  bums  with  a  bright  glowing  heat 
and  no  flame,  for  the  latter  is  always  duo  to  combustible  gases,  and 
these  have  been  slowly  distilled  off,  in  forming  the  coke.  Coal 
may  be  called  mineralised  vegetable  matter,  which,  during  the 
change,  has  been  compressed,  oud  also  altered  in  its  chemical  pro- 
perties, its  vegetable  origin  being  completely  proved  by  microscopic 
examination.  It  contains,  also,  varying  quantities  of  earthy  and 
inorganic  substances,  and  occurs  in  seams  of  thickness  ranging 
from  half  an  inch  to  three  or  four  feet,  the  seams  being  always 
separated  by  corresponding  ones  of  true  mineral  matters,  such 
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scams  being  called  partings.  What  are  popularly  known  as  slatea 
in  coal  ai-e  only  portions  of  this  mineral  matter. 

The  appearance  of  coal  varies  much ;  in  some  the  surface  is 
dull,  aa  in  cannel  coal ;  in  others,  as  some  anthracites,  we  have 
a  bright  glosaj  surface,  with  almost  metallic  lustre.  Some  coals 
break  up  in  conchoidal  masses,  others  exhibit  a  tendency  to 
crystalline  structure.  The  specific  gravities  also  vary  much, 
ran^ng  from   i-oo  to  z'Oo. 

When  distilled  in  close  vessels,  coal  gives  three  classes  of 
jHwiuotB.  Firet,  gaseous,  eon«8ting  of  compounds  of  carbon  and 
hydrogen.  Secondly,  liquid,  as  tar,  ammoniacal  liquor,  and  other 
similarly  constituted  bodies.  Thirdly,  as  a  residuary  product,  car- 
bdn,  with  the  earthy  matters  originally  present. 

Cool  may  be  classed  under  six  rarietiea  The  first,  that  in 
which  the  coal  transformation  is  least  complete,  as  in  brown 
Devon  coal,  where  the  strongly-marked  remains  of  vegetable  origin 
have  given  it  tbe  name  of  *  Lignite.'  And  evidence  of  its  retaining 
its  woody  or  v^etable  fibre  is  given  in  the  fact  of  the  capability 
of  distilling  acetic  acid  from  it.  Indeed  it  may  justiy  be  called 
fossil  wood.     Its  specific  gravity  is  about  1*5. 

Second,  the  Cheny,  or  Staffordshire  coal,  which  gives  a  spark- 
lii^  yellow  flaming  fire,  but  which  consumes  rapidly.  It  doea  not 
cake.     Specific  gravity,  i-z8. 

Third,  the  Hard,  or  Splint  coal  of  the  Glasgow  iron  district,  so 
called  from  its  splinteiy  fractura  It  gives  a  veiy  strong  heat  and 
clear  fire.  It  approaches  the  next  variety,  or  Cannel,  in  character. 
Specific  gravity,  I'jo;. 

Fourtli,  Cannel  coal ;  a  dean  coal  on  the  surface,  so  much  so 
as  to  be  wrought  like  wood  into  ornamental  articles.  Its  fracture 
is  nfteu  concboidal,  and  colour  varies  from  brownish  to  Jet-black. 
It  is  an  excellent  gas  producing  coal,  and  bums  with  a  clear  crack- 
ling flame,  whence  it  is  sometimes  called  Parrot  coal.  Specific 
gravity,  i-jiS. 

Fifth,  the  ordinary  Newcastle  or  caking  coaL  This  abounds 
in  bituminous  matter,  and  consequently,  when  heated  after  split: 
ting  up,  cakes  together  and  gives  off  bubbles  of  gas.  This  property 
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renders  it,  if  used  alone,  veiy  unfit  for  metallurgio  operations,  by 
rendering  good  access  of  air  tmpoBsible,  and  hence  high  tempera- 
ture unattainable  by  its  use. 

But  caking  coal  is  aometimes  added  to  non-caking  in  small 
quantities  for  metaUuigic  work.  The  specifio  gravity  of  Newcastle 
ooal  is  I '3- 

Sixth,  anthracite,  which  for  furnace  operations  is  a  most  useful 
ooaL  It  is  quite  free  from  bituminoua  matter,  and,  when  in  its 
true  state,  contains  -carbon,  inorganic  salts,  and  water  only ;  but 
generally,  not  being  quite  true,  hydrogen  and  oxygen  are  found  iu 
it.  When  any  bitumen  is  present,  it  is  called  semi-anthracite.  Its 
texture  is-Tery  hard  and  compact,  being  the  densest  ooal  known  ; 
it  is  jet-black,  and  very  brittle ;  and  as  it  encloses  water  iu  its 
substance,  it  readily  splits  and  breaks  up  under  heat  It  is  the 
chief  coal  of  America,  and  lugely  used  there  iu  ironworks,  its  pure 
carbonaceous  character  producing  first-class  quality  of  iron.  Iu 
Great  Britain  it  is  found  chiefly  iu  the  South  Wales  fields ;  also  in 
Staffordshire,  at  Walsall.  Its  density  renders  it  veiy  difficult  to 
light,  and  it  can  only  bo  burned  where  there  is  a  strong  draught ; 
but  at  the  same  time  there  is  no  fuel  which,  for  the  same  bulk, 
affords  auch  a  powerful  heat.  Hence,  for  assaying  operations,  it  is 
iuTaluable.     Its  specific  gravity  is  1*36. 

About  to  per  cent  of  pit  coal  is  made  up  of  ash.  This  ash  is 
composed  of  alumina,  iron,  lime,  traces  of  magnesia ;  and  with 
these  are  associated  sulphuric  and  phosphoric  acids,  but  no  alkslis 
are  found  in  it.  Iron  is  also  associated  with  coal  in  the  form  of 
iron  pyrites,  a  bisulphide  of  iron ;  and  this  is  a  very  noxious  con- 
stituent where  coal  has  to  be  employed  in  metallurgio  or  manu- 
facturing operations,  for  iu  burning  the  sulphur  is  separated,  and, 
by  nnion  with  oxygen  of  the  air,  forms  sulphuric  acid,  which  latter 
acts  very  destructively  upon  all  iron  plaut  and  apparatus.  Again, 
in  gas -manufacturing,  when  such  coal  is  distilled,  some  of  the 
sulphur,  taking  hydrogen,  forms  dihydrio  sulphide,  whilst  other 
portions,  by  union  with  carbon,  produce'  carbon  disulphide. 

It  is  said  that  the  spontaneous  combustion,  which  frequently 
takes  place  in  coal-mines,  depends  upon  the  decomposition  of  this 
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iron  pyrites ;  for,  if  moisture  be  present,  the  bisulphide  becomes 
conTsrted  into  a  sulphate ;  and  during  this  change  so  much 
caloric  will  be  evolved  as  to  inflame  the  carboQ  under  favourable 
conditions. 

Varieties  of  coal  are  selected  according  to  the  requirements  of 
the  manufacture  for  which  they  are  intended  ;  and  thua  '  steam- 
coal,'  '  gas-coal,'  and  the  like  have  become  oomnion  terms ;  for, 
in  the  former  case — namely,  the  generation  of  steam — a  strong 
anthracite  is  useful,  n-bile  for  gas-making  a  fusible  coal  would  be 
preferred.  Again,  for  the  reverberatory  furnace  flaming  coal  is 
most  valuable,  provided  it  does  not  cake  upon  the  grate,  so  as  to 
diminish  the  draught  too  much.  This  is  eepeciatly  true  of  coal 
for  iron-working ;  for,  while  a  coal  containing  much  carbon  is  beat, 
it  must  yet  have  hydrogen  and  oxygen  sufBcient  to  cause  good 
combustion  without  caking. 

Anthracite,  aa  already  observed,  contains  little  of  the  bitu- 
minous matter,  and  does  not  cake  :  hence,  consisting  principally  of 
carbon,  it  forma  a  good  iron  fuel. 

We  may  now  consider  a  yet  more  primitive  and  natural  fuel, 
viz.  wood,  which,  in  countries  where  coal  is  scarce,  is  employed  not 
only  for  domestic  purposes,  but  even  in  metallurgic  operations. 
It  is  the  hard  tissue  of  trees,  and  is  composed,  like  its  derivative 
coal,  almost  entirely  of  oi^nic  matter,  but  containing,  again, 
small  quantities  of  inorganic.  The  former  consists  of  woody  mat- 
ter, arranged  in  such  a  porous  or  cellular  mtuiner  as  to  be  traversed 
during  the  life  of  the  plant  by  fluids,  as  sap  and  wat«r.  In  addition 
to  these,  each  species  contains  its  own  peculiar  extractive  matters: 
thus,  the  fir  tribe  contains  turpentine  and  resin ;  the  oak,  tannin  ; 
others,  gums,  gum-resins,  and  the  like  :  but  it  is  the  woody  matter 
which  is  the  combustible  portion,  ^though  this  property  may  be 
increased  or  diminished  according  to  the  nature  of  these  peculiar 
principles. 

The  density  of  woods  is,  in  all  cases,  greater  than  that  of 
water,  their  apparent  lower  specific  gravity  depending  upon  their 
porous  structure  enclosing  much  air.  Thus  it  has  been  curiously 
shown  by  Count  Eumford  that,  when  freed  from  air,  all  species 
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lis 


hftve  a  remu^ble  identity  of  Bpecifio  giBvity,  being  all  about 
■  '46  to  1*53. 

Their  epecifio  gravity  has   a   toleraUy  wide  range,    as  will 
be  seen  in  the  table  here  given  of  some  of  the  more  common 

Tarietiea : — 


Ebony. 
Heart  of  Onk 

'■33 
I-I7 

Hm 

wmo«  . 

•67 
•58 

Boxwood 

■9' 

Halo  Fir 

•ss 

Boooh  . 
Aah     . 

•8S 
■84 

Poplar    . 
Cork 

•38 
•2+ 

The  value  of  woods  aa  fiiel  may  be  estimated  by  taking,  first, 
their  density  into  aooount,  and,  secondly,  the  amount  of  wnt«r 
they  eucloee ;  for  the  greater  tbe  density  the  more  solid  carbon 
they  oontaia  in  a  given  space ;  and,  on  the  other  hand,  if  they 
poBBeas  much  water,  a  large  amount  of  this  carbon  is  expended  in 
converting  the  water  into  vapour,  which  carbon  is  thus  lost  as  to 
efieotive  work. 

For  this  reason  fresh-cut  woods  are  quite  unlit  for  fuel,  for 
they  then  contain  water  ranging  in  quantity  from  18  to  50  per 
cent.  Much  of  this  is  got  rid  of  by  drying,  as  it  is  bygroscopio 
irat«r ;  but  even  after  two  or  three  years  about  1 5  per  cent  will 
be  retained.  The  drying  is  often  effected  in  large  cbambeis  or 
kilns,  heated  to  about  2 50°  to  260°  P.,  or  izi°  to  I27°C.  In  metal- 
luigio  operations  where  wood  is  used  this  drying  is  essential,  and 
there  are  many  works  in  which  wood  is  thus  employed  as  fuel :  thus, 
in  some  mercury-works,  in  roasting  copper  ores  at  Mansfield  Ibr 
separation  of  silver,  in  some  of  the  Swedish  iron-works  (in  the  latter 
they  diy  the  wood  by  combustion  of  the  waste  gases  from  the  fur- 
naces), and  in  many  other  places,  not  only  where  coal  is  scarce,  but 
also  where  the  peculiar  qualities  of  the  combustion  are  desired. 

The  great  range  of  water  above  mentioned  depends  much  upon 
the  time  of  year  at  which  the  wood  is  cut  and  examined.  Thus 
Schubler  states  that  aah  felled  in  January  will  contain  288  per 
cent  of  water,  but  if  felled  in  April,  3 8 '6.  Light  porous  woods, 
from  containing  much  air,  give  a  brisk  combustion,  but  at  the 
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BBme  time  rapidly  consume  the  charcoal  formed.  For  these  r 
light  woods  are  preferred  ia  porcelain- works,  glass-manufactories, 
and  the  like,  where  it  ia  required  to  give  a  uniform,  temperature  to 
bodies  in  large  masses.  They  contrast  strongly,  in  these  reapeots, 
to  dense  woods,  which  consume  slowly,  and  thus  form  &  dense 
charcoal  upon  the  surface,  which  bums  slowly  away.  Hence,  for 
stoves,  furnaces,  or  Bteam-boilerB,  such  are  to  be  employed. 

At  the  close  of  the  combustion  of  woods  ve  find  an  ash 
remaining  consisting  of  inorganic  salts.  Their  bases  are  potash, 
soda,  lime,  and  magnesia,  and  in  some  cases  oxide  of  iron.  These 
are  united  with  carbonic,  phosphoric,  silicic^  and  sulphuric  acids, 
and  also  with  chlorine. 

Peat  is  an  incipient  kind  of  fossil  fiiel,  oonusting  of  deoompoaed 
vegetable  matters,  containing  the  remains  of  mosses  and  aquatic 
plants.  It  constitutes  the  brown  soil  found  in  bogs  in  Holland, 
Ireland,  and  other  places. 

In  Holland  these  bogs  average  about  six  feet  deep,  but  in 
Ireland  they  are  often  thirty  or  forty  feet.  Hence,  in  such  places, 
it  comes  into  use  as  a  fuel,  and  in  its  ordinaiy  dense  state  pos- 
sesses  about  half  the  heating  power  of  ooaL  It  is  used  in  lead- 
smelting  by  the  Scotch  hearth. 

After  what  has  been  stated  with  regard  to  the  natural  fuels, 
wood  and  coal,  it  will  perhaps  be  seen  that  for  many  operations 
the  actual  carbon,  free  from  much  of  the  associate  elements,  would 
be  most  desirable.  In  the  ease  of  wood,  this  is  called  charcoal ; 
and  when  from  ooal,  colie. 

Charcoal  is  really  our  most  valuable  fuel  for  small  operations, 
although  large  ones  are  just  as  advantageously  carried  on  by  it,  its 
coat  limiting  its  use.  Thus,  some  two  centuries  siuce,  when  wood 
was  plentiful  in  England,  all  our  iron-smelting  was  done  by  char- 
coal ;  and  even  up  to  the  present  time  it  has  been  the  fiiel  em- 
ployed for  the  gold  and  silver  melting  in  the  Mint  melting-house. 

The  manufacture  of  charcoal  is  said  to  have  been  carried  on 
for  2000  years.  Its  principles  are  the  heating  of  wood  with  only 
just  such  0.  supply  of  air  as  sufBces  to  keep  up  a  kind  of  distil- 
latory process,  care  being  used  that  it  is  not  enough  to  allow  of 
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actual  combustJoQ ;  together  with  thia,  the  cairyiog  it  on  suf- 
ficieutly  slbwly  to  ensure  the  hydrogen  and  oiygen  of  the  woody 
fibre  uniting,  and  not  taking  any  of  the  carbon  to  form  other 
product«. 

The  most  simple  operation  for  eSecting  these  is  charring  wood 

in  a  heap ;  it  is  praotiaed  both  here  and  on  the  Continent     The 

yield  of  charcoal  is  by  it  equal,  if  not  superior,  to  other  processes ; 

.  but,  on  the  other  hand,  all  seoondai^  products  are  lost  by  escape 

into  the  air. 

The  wood  is  first  cut  up  into  convenient  lengths,  and  partially 
dried.  The  charooal-bumer  then,  having  chosen  a  moderately  diy 
and  well-sheltered  spot  of  ground,  commences  his  pile.  If  too 
diy,  it  would  affi^  air  to  the  bei^ ;  and  if,  on  the  other  hand, 
too  wet,  heat  would  be  lost  in  generating  watery  vapour  from  the 
ground,  which,  passing  through  his  charcoal,  would  be  decom- 
posed at  its  expense.  The  pile  is  commenced  by  driving  in  three 
central  stakes,  round  which  the  wood  is  ranged  perpendicularly,  to 
the  diameter  the  heap  is  to  measure.  Other  logs  are  stacked  upon 
this  first  layer,  then  a  tliird  set,  and  so  on,  till  a  conical  pile  is 
formed.  Down  the  centre  a  quantity  of  charcoal  and  brush-wood 
is  put  between  the  central  stakes,  or  quandel,  aa  it  is  called. 
Thia  fuel  is  inflamed,  and  the  heap  then  covered  tolerably  close 
with  turfs,  but  some  small  openings  are  left  on  each  side  at  the 
tower  part  for  the  escape  of  the  vapour  formed.  The  fuel  is 
replenished  aa  it  bums  away,  until  the  heap  itself  is  in  partial 
combustion.  The  first  stage  is  called  '  the  sweatiDg,'  during 
which  the  watery  vapour  is  expelled;  when  this  is  over  the 
charring  is  allowed  to  go  on  for  several  days,  the  carbonisation 
being  regulated  in  a  certain  order,  for  which  the  utmost  care  is 
taken  in  regulating  the  draught  For  this  purpose  cbinuieys  are 
opened  in  the  pile  where  required,  so  as  to  give  the  volatile  gases 
evolved  ready  escape  into  the  air,  lest  by  passing  over  the  burnt 
portion  waste  would  be  caused.  Thus  constant  watching  is  re- 
quisite, and  towards  the  end  the  heat  has  to  be  conducted  towards 
the  outer  rings,  in  order  to  carbonise  them,  a  step  rendered  the 
more  necessary  by  the  cooling  effect  of  the  outer  covering,  in- 
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creased  as  it  is  by  the  constant  deposit  of  evaporatjog  matt«ra 
upon  it. 

When  the  opemtion  is  complete,  flnme  issues  arotmd  the  heap, 
and  if  any  parts  do  not  exhibit  this,  holes  are  opened  to  induce  it. 
The  pile  is  now  '  choked '  by  carefully  covering  it  up  with  a  layer 
of  humid  soil.  Twenty-four  hours  generally  suffice  to  cool  it 
down ;  if  it  be  not,  -some  soil  is  taken  off  and  fresh  damp  earth 
covered  over  the  spot  And  when  all  is  cool  it  is  drawn ;  any 
which  may  remain  incandescent  beii%  watered,  or  covered  up  to 
extinguish  it 

On  the  Continent,  where  charcoal  is  largely  prepared,  the 
process  is  the  same,  but  the  wood  is  placed  horizontally ;  a  more 
economical  way,  but,  on  the  whole,  our  charcoal  is  said  to  be  of 
better  quality. 

Charcoal  is  sometimes  prepared  by  distillation  of  the  wood  in 
close  kilns,  or  iron  retorts,  by  which  acetic  acid,  tar,  and  volatile 
products  are  collected,  and  the  charcoal  left  oa  a  residuary  matter. 
This  charcoal,  however,  is  never  so  good  as  that  prepared  in  a 
heap.  The  specific  gravity  of  charcoal  ranges  from  i'4.  to  z'o, 
according  to  the  kind  of  wood  from  which  it  has  been  made  ;  also 
to  the  temperature  employed.  It  should  liaye  a  ringing  sound 
when  struck,  a  conchoid^  fracture,  and  a  jet-blacl<  glossy  colour. 
Fresh  charcoal  soon  absorbs  gases  and  moisture,  so  as  to  increase 
some  lo  to  zo  per  cent  in  weight  It  burns  with  scarcely  any 
flame,  the  small  amount  playing  over  its  surface  being  due  to  the 
combustion  of  carbonic  oxide,  for  tbe  carbonic  acid  first  formed  on 
combustion  of  charcoal  is  deoxidized  in  passing  up  through  the 
burning  mass,  and  from  C  0,  becomes  C  O,  which  bums  with  this 
blue  flame. 

Coke  bears  the  same  relation  to  coal  that  charcoal  does  to 
wood ;  and  its  formation  is  by  similar  means.  As  it  is  an  object 
in  many  metallurgic  operations  to  get  a  dense  fuel,  that  is  to  say, 
one  containing  as  much  combustible  matter  as  possible  in  a  small 
space,  it  is  necessary  to  prepare  coke  specially,  othemise  it  is 
readily  to  be  had,  but  of  a  lighter  and  porous  character,  as  a 
residue  from  gas  manu&cture. 
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In  prepEiring  coke  for  itself  alone,  the  cool  is  oarefullj  aelected, 
ftud  its  method  of  preparatioD  adapted  to  its  after  uses.  For 
example,  io  iron  works,  it  is  neoesaary  to  have  a  coke  which  is 
not  friable,  otherwise  the  weight  used  in  the  furnace  would 
crumble  the  underneath  portions,  and  so  cause  much  dust  and 
obstruction  to  draught.  For  these  operatiomt,  then,  it  is  gene- 
rally prepared  on  the  spot,  and  in  simple  heaps. 

The  coal  is  made  either  into  a  long  rectangular  heap,  or  else  into 
a  circular  mound.  If  the  former,  it  is  of  about  1 80  feet  long, 
by  10  to  12  broad,  through  this  a  hole  or  channel  is  made  during 
the  heaping  of  the  coaL  The  heap  so  completed,  a  hole  is  made 
at  regular  intervals  with  a  stake,  passed  from  the  top  down  into 
tliis  chanael  The  heap  is  now  ignited  by  putting  hot  toals  into 
the  holes  just  described,  and  the  coking  commences.  The  heap 
is  watched,  and  r^ular  oombustion  ensured  by  assisting  or  by 
checking  the  draught  in  those  parts  in  which  it  may  be  required. 
The  operation  completed,  the  combustion  is  arrested  by  a  good 
cover  of  ash,  and  after  two  or  three  days,  in  which  time  it  will 
oool  down,  the  heap  is  removed,  and  the  coke  quenched  by  water. 

The  same  operation  is  sometimes  performed  in  muunds,  in 
which  case  a  single  perpendicular  flue  is  mode  as  in  the  charcoal 
mound,  and  then,  by  leaving  openings  here  and  there  around  it, 
the  draught  is  directed,  or  conducted  all  over  the  heap.  Both 
these  operations  are,  however,  rude  and  uneconomical,  in  com- 
parison with  the  oveu  process ;  but,  on  the  other  hand,  their 
being  carried  on  upon  the  moist  and  naked  ground,  afibrds  a 
means  of  purifying  the  coke  firom  sulphur,  for  a  current  of  watery 
vapour  sets  up  through  the  heap,  which  by  decomposition  afibrds 
its  oxygen  to  the  sulphur,  converting  it  into  sulphurous  acid, 
while  the  hydrogen,  set  free,  takes  a  portion  of  the  carbon  forming 
carburetted  hydrogen. 

It,  however,  the  sulphur  exists  in  the  coal  in  combination  with 
a  metal,  as  a  sulphide,  we  then  get  the  metal  oxidised  and  dihy- 
drio  Bu^hide  acid  given  off.  Calvert  and  Chenot  employ  sodic 
chloride  in  coking  for  that  employed  in  iron  works,  by  which  they 
get  rid  of  the  sulphur. 


118  OP  THE  FTELS  ATFUCABLE 

In  the  plan  of  oven-cokiug  as  carried  on  in  England,  ft  Beries 
of  five  or  six  brick-built  ovens  are  generally  placed  side  by  side ; 
at  timea  aleo  the  volatile  products  (which  as  a  rule  are  dis- 
regarded) are  collected.  Thus  in  some  works,  gas-making  is  carried 
on,  by  some  such  arrangement,  so  that  a  dense  and  valuable  coke 
is  left  after  the  distillation  of  the  gas. 

The  ordinary  dimensions  of  these  OTenB  are  about  i  o  feet  in 
width  by  1 2  in  depth,  and  8  feet  high,  with  walls  butlt  of  about 

2  feet  thick  in  fire-brick,  the  roof  being  of  the  same,  and  arched 
over  &om  side  to  side.  In  the  crown  of  the  arch  a  round  opening 
is  left  for  volatile  matters  to  escape,  and  in  front  a  door  of  about 

3  feet  aqitare  ia  formed,  and  generally  swung  by  a  chain  and  lever. 
Now,  in  operating,  the  charge  is  partly  introduced  by  the  door, 
but  completed  from  the  top,  by  which  the  angles  of  the  oven  get 
well  filled,  and  the  presence  of  too  much  air  is  guarded  against, 
which  would  cause  waste. 

In  ordinary,  from  the  coke  being  removed  hot,  ignition  takes 
place  as  soon  as  a  fresh  charge  is  introduced  ;  if  it  does  not,  hot 
wood  is  placed  in  the  front  door  :  quantities  of  gases  are  at  first 
evolved,  so  that  the  top  door  is  left  open,  and  the  front  partially 
so,  when  these  cease  they  are  closed,  and  after  the  final  completion 
of  the  operation  and  a  slight  cooling,  a  jet  of  water  is  thrown  in 
by  a  hose. 

This  not  only  brings  the  temperature  of  the  coke  down  ao  as 
to  allow  of  its  removal,  but  ako  by  generating  steam,  afTords 
elements  for  the  final  expulsion  of  the  sulphur,  as  described  in 
mound  coking,  while  the  coke  left  is  of  a  denser,  brighter,  and 
more  sonorous  character.  Care  is,  however,  taken  that  the  cooling 
down  of  the  oven  is  not  carried  too  far,  for  it  is  found  that  when 
the  fire-bricks  are  well  heated,  the  coke  is  of  a  better  quality  and 
less  spongy,  than  the  first  charges  of  a  newly  lighted  furnace 
would  be. 

An  excellent  kind  of  coke  is  now  made  from  gas  tar,  being 
left  as  a  residue  in  the  retorts  after  the  volatile  products  have 
been  eliminated  from  it  Thus,  Dr.  Ronalds  is  now  making  this 
fuel  (at  his  works  at  Edinburgh),  which  is  nearly  pure  carbon ; 
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he  geta  it  as  a  remainder  after  having  obtained  oreoBote  oil  from 
the  tar.  A  specimen  of  this  tried  by  the  author  was  found  to  be 
excellent,  but  it  must  be  broken  up  to  the  moat  useful  size  to 
insure  its  full  heating  effects. 

In  considering  the  application  of  the  above  solid  fuels  for 
Bmaller  metallui^gic  operations,  it  will  be  seen  that  the  more  useful 
ones  are  charcoal,  aothracite  coal,  and  coke.  Wood  may  be  dis- 
missed with  the  observations  already  made  upon  its  diaadvantages, 
the  principal  ones  b^ng  the  large  bullc  of  heating  material  re- 
quired for  a  moderate  unount  of  heat,  and  next  lose  of  heating 
power  in  getting  rid  of  water  and  volatile  organic  products. 

But  in  charcoal  we  have  a  fiiel  not  to  be  equalled  for  all 
delicate  operations,  being  quite  pure  carbon,  and,  above  all,  free 
from  sulphur.  On  the  other  hand,  for  larger  operations  its  cost 
is  very  considerable ;  while  for  small  ones,  from  its  porous  struc- 
ture and  its  compact  nature,  it  must  either  be  broken  into  pieces 
of  a  convenient  size  (about  that  of  a  large  walnut,  for  instancel, 
or  else  very  large,  and  consequently  inconvenient,  apparatus  must 
be  employed. 

On  the  whole,  anthracite  will  be  found  most  applicable.  It  is 
of  all  ooal  the  moat  denae,  and  capable,  in  a  small  fuel  apace,  of 
affording  a  large  concentrated  heat.  Then  the  amount  of  water  it 
contains,  being  small,  is  not  enough  to  cause  waste  of  heat  in 
vaporising  it ;  while,  on  the  other  hand,  it  effects  the  splitting  up 
of  larger  portions  into  effecti re-sized  fragraente.  This  ia  a  point  of 
vital  importance  in  most  furnace  operations,  but  particularly  so  in 
mu£9e  or  cupelling  furnaces,  where  the  friel  should  be  uniform  in 
sise  and  quite  free  from  dust. 

Coke  may  be  classed  with  anthracite  as  to  its  characters ;  both 
are  difficult  to  kindle,  from  the  absence  of  volatile  inflammable 
matters ;  for,  in  the  combustion  of  coal,  the  first  application  of 
heat  distils  off  some  of  theae,  which,  at  once  igniting,  kindle  the 
carbon ;  but  in  coke  or  anthracite  the  heat  haa,  unaasisted,  to  act 
on  the  carbon.  Coke  is  better  broken  at  once  into  lumps  of  a  fit 
site,  for,  as  it  contains  no  water,  it  does  not  break  up  in  burning 
like  anthraoits. 
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The  denser  the  fiiol  the  more  concentrated  will  be  the  heat 
produced.  For  example,  a  given  weight  of  charcoal  may  give  the 
eamo  actual  amount  of  heat  aa  a  given  weight  of  anthracite;  buti 
as  the  former  ib  light  and  iacompact  aa  compared  to  the  latter,  so 
will  the  heat  of  the  former  be  expended  over  a  larger  aur&ce  than 
the  hent  of  the  latter,  whose  effects  aro  more  intense  from  being 
exerted  in  a  more  confined  space. 

Supplementary  to  solid  fuels,  both  for  large  and  small  opera- 
tions, niitj  bo  added  gaseous  ones,  aa  already  stated  in  desoribing 
gas-heating  apparatus.  Their  use  is  daily  extending  in  all  direo- 
tioiiy  ',  for,  in  the  use  of  solid  fuels  of  any  kind,  there  ia  always 
much  loss  of  heat — that  ia  to  say,  the  amount  of  fuel  expended  is 
much  in  exceBS  of  what  ia  really  required  to  do  the  actual  work 
needed.  This,  together  with  the  power  of  obtaining  snch  intenaa 
heat,  and  in  large  body,  from  the  use  of  gases,  led  the  Mesars. 
SiemeoB  to  apply  sohd  fuels  rather  to  the  production  of  gases,  the 
latter  to  be  employed  in  the  actual  work  itself;  and  notwithstand- 
ing the  need  of  extra  apparatus,  the  economy  of  fuel  is  immense, 
as  all  conditions  for  effecting  this  saving  are  perfectly  fulfilled ; 
and  it  is  difficult  to  foresee  to  what  extent  their  fumaces  will  be 
used,  so  intelligently  have  they  worked  out  all  points  tending  to 
their  universal  application. 

There  are  two  methods  by  which  the  heating  power  of  fiiela 
may  be  determined  ezperimentaUy : — 

The  first  is  that  of  Count  Romford,  and  oonsists  in  finding 
how  many  pounds  or  ounces  of  water  will  be  raised  one  degree 
Fahr.  by  the  combustion  of  one  pound  of  the  fiieL 

The  second  ia  the  method  employed  fay  Berthier,  and  depends 
upon  the  power  of  carbon  or  oxygen  when  heated  with  oxide  of 
lead  to  reduce  the  lead,  the  calorific  power  being  deduced  Irom  the 
amount  of  metallic  lead  obtained. 

The  methods  of  Rumford,  Ure,  and  others  (similar  in  principle), 
were  ciuried  out  by  burning  the  fuel  in  a  close  vessel,  and  causing 
the  heat  of  it  to  pass  through  a  worm-like  flue  traversing  a  vessel 
of  wat«r,  to  which  latter  the  whole  of  the  heat  is  communicated  ; 
and  then  the  consequent  rise  in  the  temperature  of  the  wat«r  is 
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measured  by  a  properly  airauged  thermometer ;  but  care  must  be 
taken  that  the  radiation  from  the  etirtaoe  of  the  metallic  vessel  is 
calculated  for,  or  else  provided  against ;  alao  it  should  be  secured, 
that  the  escaping  air  from  the  worm  or  flue  should  be  ef  the 
gurrounding  temperature  —  that  is  to  say,  that  it  should  have 
given  up  all  its  derived  heat  to  the  water. 

Rumford's  apparatus  was  a  copper  vessel,  4J  inches  deep  by 
8  inches  long  and  4^  broad.  Through  this  a  copper  worm  was 
coiled  three  times  round  and  passed  out  at  the  top.  Where  it 
entered  below  it  was  expanded  out  into  a  targe  fmmel,  under 
which  the  fuel  to  be  tested  was  burned,  care  being  exercised  that 
it  was  done  in  such  a  manner  as  that  all  the  heat  traversed  the 
GoiL 

Kerl  gives  the  following  table  of  the  heating  power  of  the 
ftubstances  named,  so  determined; — 


I  of  Hydrvgen          will  heat  1 

1"  C.  23600  of  water 

3-03 

I  of  Carbon                     „ 

7«oo       „ 

TOO 

I  of  Charcoal 

7  so?       .. 

0-96 

I  of  Good  Mineral  Coal,, 

60D0       „ 

077 

I  of  Dry  Wood 

3600       „ 

0-+6 

1  of  Turf 

1500  to  3000  „ 

0-33  100-38 

'These  ratios,  or  units,  represent,  therefore,  the  relative 
qnaotities  of  heat  which  are  required  to  raise  the  temperature  of 
one  part  by  weight  of  water,  usually  one  pound,  one  degree  centi- 
grade. The  figures  are  simplified  by  taking  carbon  as  the  unit, 
and  dividing  them  by  7S00,  when  the  second  column  above  will 
result.'* 

For  Berthier's  plan,  he  powders  5  grains  of  the  friel,  and  inti- 
mately mixes  it  with  about  1 50  to  >oo  grains  of  lithat^ge.  The  mix- 
ture is  packed  closely  in  a  clay  crucible,  and  covered  well  with  a 
layer  of  fr^sh  litharge.  The  crucible  is  then  well  luted  up,  placed 
in  the  fire,  and  heated,  until  the  whole  of  the  carbon  and  hydrogen 
is  burned. 

•  Crooke's  TrwulMion  of  Kerl's  MttaOaiTgy,  toI.  iii.  p.  8-JO. 
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The  mnaa  swells  considerably  from  the  escape  of  water  and 
gases;  but,  towards  the  end  of  the  operation,  the  crucible  is 
gradually  raised  to  a  foil  red  beat,  after  which  the  metallic  par- 
ticles, reduced  from  the  litharge,  are  agglomerated  by  a  few  gentle 
taps  of  the  crucible  on  a  stone.  When  cold,  the  pot  ia  broken, 
the  button  of  lead  detached  from  it  cleaned  from  inorganic  aab 
and  slag,  and  weighed.  From  the  number  thus  arriTed  at,  the 
amount  of  'oxygen  required  for  the  combustion  is  calculated. 
ThuB,  where  pure  carbon  has  been  tested,  it  is  found  that  34.^ 
times  the  weight  of  metallic  lead  has  been  reduced.  This,  then, 
afTords  a  point  of  comparison.  Some  figure  must  next  be  assumed 
to  represent  the  heating  power  of  pure  carbon,  and  Mr.  Andrevs 
(an  experimenter  upon  this  subject)  has  taken  the  number  7900. 
Thus  we  hare  data  for  frirther  calculation. 

Suppose,  then,  in  examining  a  specimen,  we  found  that  1$ 
grains  of  lead  were  reduced  j  ve  then  say,  as  345  (the  weight 
reduced  by  pure  carbon)  is  to  7900  (its  assumed  heating  power), 
so  is  15  (the  number  of  grains  now  reduced)  to  the  heating  power 
of  the  specimen,  which  would  give  the  number  5715  (nearly)  as 
the  result  sought. 

For34s  :  »S  •■  790°  =  S7H'6- 

But  it  may  be  anticipated  that  coal,  wood,  &c.,  from  containing 
other  elements,  would  possess  beating  power  by  virtue  of  the 
hydrogen,  or  hydrogen  compounds,  eo  contained.  This  is  true, 
and  the  process  is  not  accurate  where  the  fuels  contain  carbon 
and  hydrogen  in  varying  proportions.  Percy,  speaking  of  Ber- 
thier's  process,  says,  '  Three  parts  by  weight  of  carbon  reduce  the 
same  quantity  of  oxide  of  lead  as  one  part  by  weight  of  hydrogen. 
But  the  calorific  power  of  carbon  and  hydrogen  respectively  are, 
in  round  numbers,  as  8  to  34.  Hence  the  same  weight  of  lead 
obtained  by  reduction  would,  in  the  case  of  carbon,  indicate  calori- 
fic power  of  24 ;  and  in  that  of  hydrogen  34,  So  that  the  process 
is  inapplicable  to  the  determination  of  calorific  power  of  fuel  con- 
taining variable  proportions  of  carbon  and  hydrogen.' 

It  is  often  neoessaiy  to  asoertMU  the  temperatures  at  which 
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many  operations  which  are  oarried  on  at  higher  ones  are  effected, 
although  more  upon  scientific  considerations  than  practical  ones, 
because,  for  the  latter,  the  eje  is  commonl;  a  sufficient  guide. 
For  instance,  all  pereouB  engaged  in  metallur^o  operations  at 
once  understand  what  is  meant  when  we  speak  of  a  dull  red,  a 
full  red,  or  a  white  heat.  It  is  for  hiinging  these  terms  into  a 
uumericBl  shape  that  the  instrumeDts  called  '  pjrometen '  are 
used.  C.  W.  Siemens,  speaking  of  these  terms,  designates  them  aa 
expressions  which  remind  one  rather  of  the  days  of  alchemy  than 
of  chemical  science  of  the  present  day. 

Pouillet  gives  the  degrees  by  such  meaoa  of  several  well-known 
heat  colours.  Thus,  a  dull  red  can  be  estimated  at  1291°  F.  ^ 
700° C. ;  cherry-red  at  1652°  F.  =:  900°  C;  orange-red  at  1191° 
F.  =  lioo^C;  and  a  bright  white  heat  at  2552°  F.  =  1400"  C. 

A  good  and  trustworthy  pyrometer  has  up  to  very  lately  been 
wantii^  but  the  one  lately  devised  by  Siemens  appears  to  be  per- 
fect for  all  ranges  of  temperature  from  a  very  few  degrees  of  eleva- 
tion, up  to  the  highest  furnace  heats.  It  is  founded  upon  the  elec- 
trical resistance  offered  by  conductors  when  beat«d  up,  and  was 
described  by  him  at  one  of  the  Friday  evening  meetings  of  the  Royal 
Institution,  and  published  subaequently  in  their  Proceedings.' 

The  pyrometer  of  Mr.  Daniell  has  been  the  one  hitherto  em- 
ployed in  all  cases  where  high  temperatures  had  to  be  measured ; 
in  it  the  expansion  of  a  bar  of  platinum  is  made  the  means  of 
estimating.  Wedgwood's  depends  on  the  contraction  of  a  piece  of 
clay.  Prinsep's  pyrometer  is  fonnded  on  the  melting  points  of 
difficultly  fusible  alloys ;  and  Captain  Biystrom's  upon  the  heating 
up  of  a  certain  quantity  of  water  by  a  ball  of  platinum  previously 
heated  in  the  hot  temperature  to  be  determined. 

In  Frineep's  pyrometer  the  ftiaion  of  alloys  of  gold  and  pla- 
tinum is  employed  as  the  measure.  He  takes  the  fiising  point 
of  gold,  which  Mr.  Daniell  has  fiied  as  1016°  F.  =  ii02''C. 
as  his  zero,  and  that  of  platinum  as  bis  highest  point  to  be 
detennined.  Then,  beginning  with  pure  gold,  he  adds  1  port  of 
platinum  successively  for  an  increase  of  every  i  degree  (arbitrary) 

*   Proettdingi  qf  Sogal  ZnttiiHlleH  qfOrtal  Britain,  vi.  43S. 
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of  temperature.  Suppose,  then,  a  series  of  beads  of  metal  are 
made;  the  first  of  too  gold,  then  95  gold  +  5  platinum,  90 
gold  +.10  platinum,  S5  gold  +  i;  platinum,  and  bo  on,  up  to 
pure  platinum  ;  such  a  series  would  indicate  iDcrease  by  steps  of 
five  degrees. 

A  fit  series  of  these  are  placed  in  a  small  re&actoiy  vessel, 
with  a  close  fitting  hd.  The  arrangement  is  exposed  to  the  tern  - 
perature  to  be  ascertained,  and  indicates  the  height  of  the  degree 
by  the  alloy  of  least  fusibility  which  it  is  capable  of  melting. 

In  the  pyrometer  of  Mr.  Daniell,  the  result  is  arrived  at  by 
ascert^ning  the  expansion  that  a  small  bar  of  platinum  undergoes 
by  exposure  to  heat. 


It  oonusts  of  a  bar  of  platinum  (a)  of 
about  6  inches  long  by  a  ^  inch  diameter ; 
this  is  enclosed  in  a  corresponding  cavity 
bored  out  in  a  bar  of  well-baked  black-lead  crucible  ware  (b), 
which  is  formed  with  a  shoulder  rising  above   the   cavity   on 
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one  aide.  Agtunst  this  a  short'  index-piece  of  porcehun  is  lud, 
passing  down  the  cavity  and  touching  the  outer  end  of  the  plati- 
nom  bar  when  in  its  place.  This  index  is  then  strapped  by  a  pla- 
tinum rii^  and  a  porcelain  wedge  to  the  shoulder  of  the  black-lead 
bar.  As  the  expansions  are  small  in  bo  short  a  piece  of  metal, 
and,  moreover,  are  actually  differences  of  expansion  between  the 
platinum  and  the  black-lead  ware,  a  scale  is  used  to  measure  them, 
where  a  radius  arm  (<f)  is  so  disposed  on  a  graduated  arc  (/)  as  to 
multiply  the  indication.  In  using  this  pyrometer  the  platimmi  bar 
and  index  having  been  firmly  strapped  in  their  places,  the  radius- 
arm  is  adjusted  to  zero  by  bringing  the  knife  edge  (h)  just  into  a 
notch  formed  for  it  on  the  top  of  the  index-piece.  The  platinum 
bar  and  case  is  then  exposed  to  the  beat  to  be  measured.  By 
this  the  metal  will  be  elongated,  and  as  it  is  confined  by  the 
bottom  of  the  cavity  of  the  black-lead  bar,  the  expansion  will  take 
effect  at  the  ti^  end,  and  it  will  push  forward  the  porcelain  index. 
Then  as  it  cools,  although  the  metal  bar  will  retract,  the  index 
remains  at  the  point  to  which  it  was  (breed  out,  having  been  kept 
there  by  the  platinum  strap.  It  then  only  remains  to  measure 
the  amount  of  extension  as  shown  by  depression  of  the  index  upon 
the  graduated  arc  mentioned. 

Now  although  the  degrees  are  arbitrary  ones,  they  are  got  by 
comi»ring  each  instrument  by  experiment  with  a  good  mercurial 
thermometer,  and  so  in  their  value  they  follow  on  those  of  the 
Fahrenheit  scale. 

Siemens,  in  describing  his  instrument,  speaks  first  of  the  fur- 
thermometer  of  Galileo,  and  states  that  the  expansion  of  a  per- 
manent gas  at  a  constant  pressure  is  the  most  perfect  index  of 
temperature;  and  that  his  instrument  'presents  many  points  of 
analogy  if  we  substitute  electrical  "  resistance  in  conductors"  for 
"  expansion  of  gases."  Both  these  effects  are  Ainctions  of  tempera- 
ture increasing  with  the  temperature  according  to  progressive  laws, 
which,  in  the  case  of  the  gases,  we  call  the  law  of  CAarla,  and  in 
the  case  of  conductors,  the  law  of  tncreate  of  eleetrieai  rautance 
with  temperature.' 

In  Siemens'a  pyrometer  he  sends  a  battery  current  through 
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'  two  branches  of  equal  resiBtanoe,  each  bianoh  oompming  a  free 
spiral  wire  of  platinum,  and  one  of  the  ooila  of  a  differential  gal- 
Tanometer  j'  then  by  heating  one  of  the  Bpirals  in  the  temperature 
to  be  meaaured,  the  needle  will  be  deflected  by  the  current  resiat- 
auce  in  this  wire,  and  its  deflection  may  be  made  the  measure  of 
the  temperature.  In  the  arrangement  for  measuring  high  tem- 
peratures a  platinum  conducting  wire  is  coiled  on  a  cylinder  of 
baked  porcelain,  and  in  a  helical  groove  to  prevent  contact  in  the 
coils  ;  this  groove  is  deep  enough  to  protect  the  coil  also  from  con- 
tact with  the  outer  platinum  case  in  which  the  whole  is  enclosed 
for  insertion  into  the  furnace  or  temperature  to  be  measured. 
Three  leading  wires  of  insulated  copper,  united  in  a  light  cable, 
connect  the  pTrometer  with  the  measuring  instrument,  which 
may  be  at  a  distauce  of  some  hundred  yards  from  the  same.  They 
are  connected  by  means  of  biuding  screws  at  the  end  of  the  tube 
to  three  thick  platinum  wires,  passing  down  the  tube  to  the  spiral 
of  thin  platinum  wire.  Here  two  of  the  leading  wires  are  united, 
whereas  the  third  traverses  the  spiral,  and  Joins  itself  likewise  to 
one  of  the  two  former,  which  forms  the  return  wire  for  two  electri- 
cal circuits,  the  one  comprising  the  spiral  of  thin  wire,  and  the 
other  returning  immediately  in  front  of  the  same,  but  traversing 
in  its  stead  a  comparison  coil  of  constant  resistance. 

The  indications  are  not,  however,  given  by  a  diflferentjal  gal- 
vanometer, as  it  was  found  that  the  use  of  so  delicate  an  instnunent 
is  '  attended  with  considerable  practical  difficulty  in  iron  works,  and 
other  rough  places  where  it  ia  important  to  measure  elevated  tem- 
peratures.' Hence  for  such  ho  employs  a  differential  voltameter, 
consisting  of  two  tubes  fixed  on  a  scale  showing  arbitrary  but  equal 
divisions.  These  are  arranged  so  as  to  be  capable  of  being  filled  from 
little  reservoirs  with  acidulated  water,  up  to  the  zero  marks  of  the 
scale.  Each  has  two  small  platinum  electrodes.  Here  the  indi- 
cation is  given  by  the  difference  of  level  in  the  Lquid  in  the  tubes 
caused  by  the  unequal  rate  of  decomposition  by  the  two  currents, 
viz.,  the  constant  resistance  one  and  the  other  from  the  heated 
conducting  wire. 

Some  working  results  of  the  pyrometer  were  shown,  and  by  the 
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same  proteoted  coil,  a  mixture  of  ice  and  water,  boiling  water,  molten 
lead,  and  the  fire  in  which  the  latter  was  melted  were  tested ;  and 
the  readings  given  were  a'C,  98°  C,  330°  C,  and  860°  C,  respec- 
tively. And  Mr.  Siemens  stated  that  Professor  Bolzoni,  of  Easan, 
has  used  it  for  recording  the  temperature  at  elevated  poiuts,  and 
at  points  below  the  earth's  surface.  And  Mr.  Lowthian  Bell  has  em- 
ployed  it  in  his  blast-furnace  researcbea ;  and  at  several  iron-works 
'  pyrometer  tubes  are  introduced  into  the  heating  stoves,  and  per- 
manently oonnected  with  the  office,  where  the  heat  of  each  stove 
can  at  all  times  be  read  off  and  recorded.' 

The  reader  is  referred  to  the  lecture  quoted  as  above  for  full 
description  and  diagrams  of  the  apparatus. 

As  Mr.  Wedgwood's  pyrometer  is  even  now  frequently  referred 
to  in  scieutific  works,  it  must  be  briefly  described,  although  but  for 
the  purpose  of  showing  that  its  indications  cannot  be  depended 
upon.  It  is  founded  upon  the  principle  of  the  contraction  occur- 
ring in  a  piece  of  fine  clay,  by  exposing  it  to  the  temperature  de- 
sired to  be  measured.  This  contraction  occurs  from  the  clay  (a 
compound  of  alumina  and  water)  parting  with  its  water  by  heat. 
But  it  has  been  proved  that  long  exposure  to  a  comparatively  low 
temperature  will  efiect  this  just  as  well  as  the  quick  action  of  a 
high  one,  added  to  which,  for  each  operation  a  firesh  piece  of  clay 
had  to  be  employed,  and  perhaps  no  two  specimens  were  uniform 
in  composition.  Hence  the  instrument  is  useless,  although  simple 
in  its  construction  and  manipulation.  It  consists  of  two  brass 
Tulea,  fixed  upon  a  plate,  and  gradually  converging.  This  guage, 
as  it  may  be  called,  is  divided  into  340°,  each  one  of  which  Mr. 
Wedgwood  supposed  to  be  equal  to  130"  of  Fahrenheit's  themu)- 
meter  scale.  Then,  for  use,  a  cylinder  of  clay  was  passed  up  the 
guage,  and  the  point  noted;  the  clay  was  next  exposed  to  the 
temperature  to  be  measured,  when  the  difference  between  the 
scale  degree  to  which  it  now  passed  up  and  the  former  one  was 
presumed  to  be  the  temperature  sought. 
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Uercobt  has  beea  known  from  the  remotest  times,  a  foot  not 
surprising  when  we  observe  the  thoroughly  metallio  appearance  of 
the  native  metal,  a  state  in  which  much  of  it  frequently  occniB. 
But  the  first  really  practical  notice  of  mercury  is  hy  Dioscorides, 
who  describes  a  method  of  reducing  it  from  cinnabar,  or,  as  that 
ore  was  then  called,  minium ;  a  misnomer,  said  by  Thompeon  to 
result  from  its  being  adulterated  with  red  lead.  As  an  apology 
for  this  admixture  it  may  be  stated  that  the  natural  colour  of  the 
cinnabar  was  modified  by  the  red  lead,  for  the  ancients  used  cin- 
nabar veiy  largely,  not  only  in  the  arts  of  decoration  and  painting, 
but  also  in  the  less  civilised  countries  to  paint  their  bodies;  and 
this  with  impunity  as  regards  any  mercuria]  effects,  as  it  is  one 
of  the  inert  mercurial  compounds.  And  in  articles  which  have 
come  down  to  us  the  permanence  of  the  colour  after  the  lapse  of 
ages  is  somewhat  remarkable. 

So  doubt  the  first  supplies  of  the  metal  were  from  native  mer- 
cury ;  and  thus  Pliny  distinguishes  between  such  metal  and  that 
obtained  by  reducing  the  ores ;  designating  the  native  metal  as 
Argentum  Vivum,  tlie  reduced  as  Hydrargynim,  whence  it  is 
doubtful  if  he  believed  them  to  be  the  same  metal.  He  also  dis- 
tinguishes bctweeu  cinnabar  and  minium.  At  the  present  time 
the  chief  supplies  consist  of  reduced  metal  from  the  ore  ;  and  are 
derived  from  California,  Spain,  Austria,  Mexico,  Peru,  and  also 
from  China  and  Japan.    Small  quantities  are  also  found '  in  the 
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Palatinate,  left  bank  of  the  Rhine,  France,  and  Tuscan;.  The 
orea  are  the  following : — 

Fiiat,  Cinnabar  or  mercoric  sulphide ;  this  is  an  ore  of  a 
brOTQ-red  oolour  streaked  with  scarlet,  the  latter  colour  being  due 
to  nearly  pure  vermilion.  The  latter,  according  to  Sefstrom's 
analTSis,  ib  composed  of  86-19  P&rts  of  mercury,  combined  with 
1371  of  sulphur  J  but  the  native  ore  gives  veiy  varying  propor- 
tions of  these  two  components,  depending  upon  the  locality' where 
it  is  found.  Thus,  1 00  parts  of  ore  from  the  mines  of  Ahnaden  in 
Spain  are  composed  of  mercury  36  to  41  parta,  sulphur  16  parts, 
and  foreign  matters,  such  as  gangue,  other  metals,  silica,  water, 
&c.,  43  to  4.8  parts.  The  ore  from  Idria  in  Austria  oontains  mer- 
cury 51,  sulphur  8,  and  foreign  matters  41.  Califomiau  ore, 
mercury  70,  sulphur  11,  foreign  matters  19.  While  that  fixim 
Japan  is  nearly  pure  cinnabar,  being  composed  of  mercury  84, 
sulphur  14,  and  foreign  matters  only  >.  Of  foreign  aasociatioua 
Hltt  cnp4}ous  sulphide,  ferric  oxide,  and  alumina  are  the  chief. 

Second,  Horn  quicksilver,  or  native  calomel,  so  called  from  its 
translucent,  yellow,  hom-hke  appearance  ;  it  has  also  a  honry  cut, 
but  is  sometimes  found  crystalline.  It  is  a  chloride,  and  chiefly 
fbund  at  Idria.  Iodides  and  bromide  also  are  found,  but  more 
rarely. 

Third,  Native  Amalgam.  This  is  sometimes  formed  by  silver 
and  mercury  alone  ;  at  other  times  gold  is  associated  with  theses 

Fourthly,  much  mercury  is  found  native,  and  in  some  of  the 
mines  it  trickles  out  from  crevices  in  the  ore,  and  collects  in  any 
adjacent  hollow.  It  occurs  in  globules  disseminated  in  primitive 
rooks,  which  latter  have  the  appearance  of  hardened  clay.  Mer- 
cury so  collected  is  nearly,  if  not  quite,  pure,  but  sometimes  it  con- 
tains traces  of  gold  and  silver.  The  great  mine  at  Idria  is  situated 
in  the  body  of  a  mountain  ;  and  it  is  generally  reported  to  have 
been  discovered  nearly  three  centuries  back  by  the  trickling  out  of 
the  native  mercury  irom  a  fissure  through  which  a  small  spring 
discharged  itself 

The  mines  of  Idria  are  in  the  possession  of  the  Austrian 
Government,  and  produce  about  150  tons  of  the  metal  annually. 
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This  is  aaid  to  be  about  a  fourth  of  the  quantity  which  might  be 
obtained  from  them,  the  working  being  checked  aa  to  quantity,  in 
order  to  keep  up  the  price  of  the  mercury.  But  they  have  also 
vermihon  works  here,  at  which,  in  addition,  about  90  tons  of  vcr- 
milion  are  made  during  the  same  period. 

It  is  found  that  lime  will  very  readily  separate  the  sulphur 
from  mercurial  ores,  hence  in  the  best-worked  establishmenta  this 
body  is  employed,  hy  being  mixed  with  llie  ore  before  the  after- 
furnace  operations.  But  a  second  and  more  primitive  method  of 
reduction  is  carried  on  at  both  the  Idrian  and  Almaden  works, 
viz.  the  heating  of  the  ore  alone  ;  Buffioieut  air  being  at  the  same 
time  allowed  to  enter  the  fiimace  to  convert  the  sulphur  into  sul- 
phurous acid,  and  so  set  the  mercury  free. 

The  construction  of  the  furnaces  for  effecting  the  reduction  at 
the  Idrian  works  may  be  explained  by  the  accompanying  diagram. 
A  fire-chamber,  a,  is  placed  at  the  lower  part  of  the  body  of 
the  furnace,  above  this  fireplace  are  built  three  perforat«d  archef^ 
bbb  ■  upon  these  the  ore  is 
placed,  the  poorer  kinds,  be- 
ing   broken    into  somewhat 
large    portions,    are    placed 
upon  the  lower  arcb,  ao  as 
to  fill  the  space  between  it 
and   the    second.     Next,  on 
the  second  arch  are  heaped 
'  the  smaller  fragments  in  the 
same   way  ;  while  upon  the 
'^'  *  '  third  is  arranged  a  series  of 

trays  or  pots  conttuning  ore  dust,  mixed  with  some  residues  of 
former  workings.  At^oining  this  furnace  on  each  side  are  large 
air-chambers,  c  c,  for  the  supply  of  oxygen  to  the  sulphur  of  the 
ore.  From  the  upper  or  tray  compartment  a  flue  passes  out  on 
each  side  into  a  large  condensing  chamber,  d,  entering  near  its 
top.  Of  these  chambers  there  are  six  on  either  side  of  the  fur- 
nace, constituting  two  distinct  sets ;  the  ohambere  in  each  set 
communicating  by  openings  alternately  at  top  and  bottom.     From 
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the  udeB  of  the  last  one,  a  Beriea  of  flanges  projects  in  a  ulanting 
direction,  ahnoat  from  side  to  side,  and  upon  these  a  stream  of 
water  is  kept  flowing  from  the  top  to  the  bottom.  This  last  is 
also  higher  than  the  others,  and  tenninates  in  a  chimney  for  the 
escape  of  any  eulphurotie  acid  or  uncondensed  vapours  which  may 
pass  through  the  entire  set  of  chambers.  The  whole  of  this  ap- 
paratus is  doubled,  by  a  second  series  being  built  at  the  -back 
of  the  first;  The  dimensions  of  the  &ce  of  the  arrangement  are 
I  So  feet  long  by  30  feet  high. 

In  working,  the  fumacea  are  first  charged  with  ore,  and  the 
openings  and  doors  luted  up  (there  being  an  opening  into  the 
top  of  each  condensing  chamber) ;  next,  a  good  brisk  beechwood 
fire  is  kindled  in  the  grate,  which  is  sustained  until  the  fitmace 
and  ore  are  of  a  cherry-red  heat,  which  takes  place  in  from  is  to 
1 J  hours.  Distillation  will  then  commence,  and  as  long  as  this 
goes  on  the  heat  is  careftiUy  kept  up,  the  space  of  time  being 
generally  about  11  hours.  The  mercurial  vapour  becomes  highly 
heated,  and  thus  causes  a  strong  draught  through  the  condensing 
chambers,  and  consequently  from  the  air-spaces  into  the  body  of 
ore  operated  upoa  The  vapour  passes  into  the  first  chamber 
in  company  with  the  sulphurous  acid  resulting  from  the  oxidation 
of  the  sulphur,  some  subhmed  vermilion,  and  a  quiuitity  of  soot, 
the  latter  two  being  deposited  upon  the  walls.  The  mercury  con- 
denses in  drops  upon  the  stone  floor  of  the  chambers,  which  being 
inchned  to  one  side,  where  there  is  an  exit-pipe,  it  flows  thence  to 
a  reservoir. 

As  the  operation  proceeds  the  temperatiire  of  the  apparatus 
rises,  and  condensation  of  the  metal  takes  place  in  consequence 
farther  from  the  furnace,  even  to  the  last  chamber  ;  but  here  it  is 
assisted  by  the  cold  stream  of  water,  as  also  by  extra  height  in 
this  terminal  one. 

When  distillation  is  over,  all  is  allowed  to  remain  closed  for 
about  five  days,  so  as  to  cool  down.  The  upper  openings  are  then 
unluted.  Thus  a  current  of  air  rushes  in  which  aasista  in  cooling 
down  the  arrangement.  The  soot  and  vermilion  are  then  removed 
from  the  walls.     These  are  put  aside  to  be  reworked,  for  which 
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they  are  placed  in  the  upper  trays  of  the  fumaoe  at  a  future  work- 
ing. 

The  walls  are  well  bruahed  down,  and  the  whole  i»«daoe  of 
merciuy  filtered  through  linen,  when  it  is  packed  in  the  iron 
Lotties  (containing  about  70  lbs.  each)  in  which  we  obtain  it.  The 
walls,  however,  absorb  much  mercury. 

It  will  thus  be  seen  that  a  week  is  occupied  in  each  working, 
and  aa  soon  as  the  apparatus  is  cleared  a  fresh  ch&rge  is  intro- 
duced. The  charges  average  about  j6  tons,  and,  by  the  employ- 
ment of  about  forty  workmen,  this  is  got  into  the  Aimaoe  in 
three  hours.  The  produce  of  mercury  amounts  to  about  4  to 
4  J  tons. 

It  is  said  that  at  Idria  the  operatives  are  in  a  most  sickly 
and  enervated  state,  and  tliat  the  cleansing  of  the  condensing 
chambers  in  particular  is  a  most  unwholesome  operation. 

The  absorption  of  metal  by  the  porous  walls,  and  other  evils 
of  the  old  plan,  led  to  the  adoption  of  wood  condensing  tubes  sui^ 
rounded  by  water  to  cool  them,  Caat^iroa  was  also  employed,  but 
the  practical  incoaTenience  of  their  been  attacked  by  the  sulphur- 
ous acid  formed  led  to  the  substitution  of  wood. 

Albert!  devised  a  plan  at  Idria  for  poor  ores,  viz.,  such  as  con- 
tained only  about  1  per  cent  of  mercury,  using  a  reverberatoiy  far- 
usee.  About  3  tons  are  operated  on  at  once,  three-fourths  of  which 
is  spread  over  the  bed  and  heated  to  redness  by  a  wood  fire.  The 
doors  are  luted  up  during  heating,  and  opened  occasionally  to  turn 
the  ore.  As  working  progresses  it  is  brought  forward  in  separate 
portions  to  the  hotter  part  of  the  furnace,  and  the  remaining  fourth 
of  the  ore  thrown  in  at  the  back  towards  the  close  of  the  opera- 
tion. Condensation  is  effected  as  follows : — From  a  small  brick 
condensing-chomber  directly  at  the  back  of  the  reverijeratoiy  a 
long  wide  iron  tube  passes  backwards  sloping  slightly  downwards 
at  the  same  time.  It  ends  in  a  larger  arched  brick  condensing- 
chamber,  which  latter  opens  into  on  upper  one  built  above  it. 
From  this  again  a  second  tube  is  carried  forward  again,  and  ends 
in  tlic  base  of  the  flue  above  the  reverberatory.  Above  these  iron 
twbeH  are  water  trays  from  which  a  constant  dropping  of  water  is 
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carried  on  upon  the  tubes  bo  as  to  cool  tbem  and  condense  the 
vapoura  within. 

The  plan  of  working  ia,  as  already  stated,  to  draw  the  ore  for- 
ward into  the  hotter  and  front  part  of  the  bed  in  alternate  quan- 
tities, giving  it  at  laat  such  an  amount  of  heat  as  shall  be  sufficient 
to  drive  all  the  metitl  from  the  poor  ore.  The  greater  part  of  it  is 
found  to  condense  in  the  lower  iron  tube.  Full  g$  per  cent  of  the 
whole  being  collected  there.  There  is  always  also  a  residue  of  soot, 
vermilion,  and  finely  divided  mercury  passed  over,  which  la  sepa- 
rated for  reworking. 

At  the  Spanish  mines  of  Almaden  the  same  principle  of  work  is 
carried  out,  viz.  the  reduction  of  the  ore  by  air  alone  ;  but,  as  re- 
gards the  manipulation,  it  is,  if  anything,  niore  wasteful  of  labour, 
health,  and  fiiel,  than  the  old  Idrian  plan. 

The  heating  is  performed  in  a  Butyrone  fiimace,  as  it  is  called. 
This  is  a  large  square  chamber,  A,  of  about  4  feet  in  diameter. 


divided  into  upper  and  lower  compartments  by  a  brick  arch  placed 
about  halfway  up,  and  perforated;  over  this  the  charge  is  introduced, 
partly  by  a  door  at  the  back  and  partly  by  an  opening  at  the  top. 
And  although  it  is  placed  altogether  in  the  same  chamber,  yet,  tus 
regards  the  class  and  quality  of  ore,  the  same  disposition  is  made 
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as  at  the  Idrian  furnaces,  and  the  fire  is  made  also  b;  brushwood 
plac«d  iu  a  lower  chamber. 

But  it  ia  in  the  method  by  which  the  metal  is  cohdensed  that 
the  unskilled  and  primitive  nature  of  the  apparatus  ia  shown ;  for 
this  is  effected  in  a  aeries  of  earthenware  condensers  called  'aludels' 
(fig.  28),  which  are  arranged  in  rows  or  chains  across  a  long  brick 
terrace,  B  B,  built  up  level  with  a  aeries  of  openings  left  at  the  top 
of  the  ore  chamber.  This  terrace,  called  the  aludel  bath,  is  formed 
bj  two  inclined  planes,  erected  on  orchea  ;  one  of  which  planes 
descends  to  the  centre  of  the  arrangement,  at  which  point  a  trans- 
verse gutter,  C,  is  formed.  The  second  rises  again  at  the  some 
angle,  to  reach  a  large  condensing  chamber,  D,  which  ia  built  at 
the  other  end  of  thia  apparatus,  and  is  simply  a  large  brick  cham- 
ber, having  a  cistern  of  water  at  its  bottom.  The  total  width  of 
the  whole  system  being  about  6j  feet. 

The  aludels  are  arranged  in  a  kind  of  chain,  by  the  point  of 
one  entering  the  neck  of  the  following  one.  Their  shape  and  ar-  - 
rangement  are  shown  by  the  three  figured  below  the  drawing  of 
the  furnace.  Thus  about  fifty  will  complete  the  chain  from  one 
end  of  the  aludel  bath  to  the  other ;  of  these  chains  there  are  six 
on  each  side  of  the  bath  (back  and  front),  consequently  from  500 
to  600  in  the  series,  all  the  joints  of  which,  being  well  luted  with 
clay,  will  necessarily  render  thia  luting  operation  one  of  con- 
siderable time.  The  middle  aludels  of  the  chains,  being  at  the 
lowest  level,  are  provided  with  holes  at  their  undersides,  by  which 
the  condensed  metal  may  run  both  ftom  the  descending  and  as- 
cending halves  of  the  arrangement  into  the  central  gutter  of  the 
bath,  whence  it  Bows  down  a  pipe  into  a  receiver  below,  and  as 
they  ore  exposed  to  the  free  air,  the  great  bulk  of  the  metal  is 
condensed  in  them  ;  thus  the  chamber  in  which  they  terminate 
serves  to  condense  remaining  portions  of  vapour,  which  are  de- 
livered under  a  screen,  so  as  to  conduct  them  down  to  the  con- 
densing water  at  the  bottom. 

The  charge  of  ore  worked  in  this  furnace  at  one  time  is  about 
I  o  to  1 4  tons ;  and  upon  this,  firing  is  kept  up  for  ■  i  days,  when 
it  is  allowed  to  go  out ;  the  system  being  then  cooled,  the  aludeU 
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are  ieparated,  carried  one  by  one  to  the  centre  channel,  where 
they  are  emptied  ;  any  metal  spilled  also  flowing  to  this,  from  the 
incUnation  of  the  bath.  The  whole  product,  together  with  that 
from  the  oondensing  tower,  is  then  purified  from  soot,  dirt,  &o.,  by 
avery  simple  mechanical  process,  viz.  by  pouring  it  upon  the  floor 
of  the  working-room,  at  its  upper  end,  which,  being  slightly  in- 
clined to  the  lower,  allows  the  metal  to  run  slowly  down  to  the 
receiver  placed  there,  during  which  pasaage  the  impurities  are  left 
upon  the  floor. 

They  endeavour  so  to  mix  rich  and  poor  ores  that  the  produce 
of  each  working  shall  bo  about  a  ton  and  a  quarter  ;  for,  if  too 
rich,  the  condensing  arrangement  is  so  imperfect  that  there  will  be 
much  loss  of  mercury,  and  that  to  the  injury  of  the  health  of  the 
operatives. 

An  improvement  on  the  Idrian  condensing  arrangement  was 
made  by  Hahuer  at  New  Almaden,  California.  A  aeries  of  six  con- 
densing chambers  is  employed,  and  their  interior  is  coated  with  a 
kind  of  stucco,  that  is,  mortar  Containing  fine  sand,  which  will 
give  a  hard,  non-absorbing  surface.  They  communicate  at  the 
bottom,  and  at  the  top  of  each  is  an  iron  plate  kept  cool  by  water. 
The  chimney  is  also  cooled  by  water  terraces  at  each  of  three  tiers 
in  which  it  is  built. 

The  furnace  itself  resembles  very  much  the  ordinary  Almaden 
cupola,  but  is  provided  with  a  liopper  at  the  top  through  which  the 
charge  is  introduced.  In  working,  the  fire-bars  are  stopped  to  a 
certain  extent  by  a  layer  of  bricks  and  wood  laid  upon  them ;  and 
as  the  first  object  is  to  get  the  heat  up  slowly,  in  order  to  dimi- 
nish a  rush  of  steam  from  the  wood  fuel,  this  choking  of  the  air 
space  has  its  use,  although  it  also  acts  in  preventing  the  faUiug 
through  of  the  ore  which  is  next  chaiged  in  upon  the  top  of  some 
brushwood  and  coaL  The  poorer  ore  first,  then  a  layer  of  coal, 
and  then  richer  ore,  and  so  in  alternate  layers.  At  the  end  of  the 
second  day  working  commences,  and  after  this  relays  of  ore,  of 
about  7  owt  each,  mixed  with  three  or  four  per  cent  of  charcoal, 
are  thrown  in  every  three-quarters  of  an  hour  by  the  hopper.  At 
the  end  of  ai  hours  tiiese  tirst  charges  are  worked  off. 
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Bnt  the  more  skilful  working  of  the  ore,  effected  hy  mixing 
eome  body  with  it  for  the  separatioQ  of  the  sulphur,  renders  the 
work  practicable  in  cloae  appciratuB ;  and  the  inlet  of  air  aud  out- 
let of  sulphurous  acid  being  dispensed  thus  with,  the  mercury  is 
capable  of  being  at  once  distilled  off.  The  bodies  in  use  for  this 
operation  are  either  iron  scales  or  lime.  At  the  Bohemian  works 
at  Horowitz  the  former  is  used,  it  is  mixed  with  the  ore  and 
ptacod  in  iron  dishes ;  these  being  set,  one  over  the  other,  in  a, 
vessel  containing  water,  are  then  covered  with  an  iron  receiver. 
This  is  surrounded  with  fiiel,  and  thus  heated,  when  the  mercury 
distils,  pfT  deteentum,  and  condenses  in  the  water  below.  A  some- 
what similar  apparatus  will  hereafter  be  figured,  as  used  for  sepa- 
rating the  mercury  from  its  amalgam  with  silver. 

At  the  duchy  of  Deux  Pc4pts  lime  is  employed,  being  mixed  C%nQ 
with  the  ore  to  the  extent  of  one-fourth  its  weight.  This  mixture 
is  heated  in  ordinary  earthen  or  oast-iron  pear-shaped  retorts, 
and  the  product  condensed  in  receivers  half  filled  with  water. 
This,  however,  is  not  clean  mercury,  but  a  mixture  of  mercury  and 
undecomposed  sulphide,  and  requires  drying  and  redistilling  with 
lime  for  its  purification. 

At  Lansberg,  in  Bavaria,  where  the  process  of  distillation  with 
lime  is  adopted,  application  was  made  to  the  late  Dr.  Ure,  in  1846, 
for  a  plan  of  apparatus,  and  in  the  following  year  the  one  to  be 
^  described  was  erected,  which  is  in  all 

particulars  very  practical  and  satisfac- 
tory. 

A  series  of  three  brick-arched  fur- 
naces is  built,  in  each  of  which  are  set 
three  large  iron  retorts,  A,  of  the  form 
used  in  Englund  for  gas-making.  They 
are  sufficiently  large  to  contain  a  charge 
of,  at  least,  ;  cwt.  or  more.  The  fire- 
chamber  is  placed  directly  below  them, 
and  for  each  three  is  central ;  but  the 
retorts  are  protected  from  the  direct  action  of  the  flames  by  being 
bedded  on  fire-lumps,  b.    Each  three  have  their  own  floe,  and  al) 


nm  into  one  central  chimney.    At  the  buk  of  each  retort  (see 


fig.  30)  a  large  iron  pipe,  G, 
main,  D  (a  lai^  iron  con- 
denser of  I S  inches  diameter 
by  10, feet  long),  the  pipe 
terminating  just  below  the 
surface  of  the  water  with 
which  the  ooudenBer  is  half 
filled.  The  Utter  is  placed 
at  a  Bl^ht  inclination  in  s 
trough  of  cold  water,  E,  and 
furnished  with  a  water-valve, 
by  which  air  can  enter  in 
case  of  a  vacuum  being 
formed  in  one  of  the  retorts, 


down  into  a  kind  of  hydraulic 


Fig.  30. 


which  would  lead  to  the  ruahing  up  of  the  water  into  it,  and  pro- 
duce an  oiploaion.  Below  the  lower  end  of  the  condenser  is  a 
large  locked-up  iron  cistern,  into  which  the  mercury  flows,  and, 
being  furnished  with  a  gauge,  indication  is  thus  afi'orded  when  to 
open  it  and  take  out  the  product. 

For  the  operation  the  coaxaely  powdered  ore  is  mixed  with 
quickUme,  and  each  retort  is  chaiged  with  about  6  cwt  of  the 
mixture.  The  heat  is  maintained  at  a  uniform  and  requisite 
temperature,  and  thus  it^ury  to  the  apparatus  from  sudden 
changes  is  avoided.  The  heat  being  thus  at  once  available,  a 
charge  ia  worked  off  in  about  3  hours ;  so  that  from  1  z  cwt  to  a 
ton  of  mercury  could  be  obtained  daily ;  and  although  the  appa- 
ratus is  efficient  for  any  ore,  it  is  particularly  so  for  the  richer 
ones.  At  some  Califomian  works  very  similar  iron  retorts  are 
used,  but  working  into  cone-shaped  vertical  receivers,  kept  cool  by 
the  evaporation  of  water  constantly  dropping  on  them  ;  there  the 
ore  is  rich,  containing  about  40  per  cent  mercury,  and  it  is  mixed 
with  1}  parts  of  powdered  quicklime.  The  heat  employed  is  a 
£sir  red  heat. 

Such  are  the  methods  of  obt^ning  commercial  mercury,  and 
although  frequently  it  is  very  pure,  yet,  where  ainc  or  bismuth 


138 


NOBLI  KBTALB. 


has  beea  associated  with  the  ores,  theee  metals  are  sure  to  luve 
distilled  over  with  the  mercuiy,  and  coDtaminated  it. 

Again,  in  commerce,  it  is  often  fraudulently  adulterated  with 
lead,  tic,  or  bismuth,  which  are  readily  soluble  in  it ;  hence,  as  it 
is,  for  scientific  operations  especially,  required  quite  free  from  such 
admixture,  methods  of  purifying  it  must  here  be  considered.  As 
tests  of  its  purity,  it  may  be  dissolved  in  nitric  acid,  when  if  pure, 
after  evaporating  to  diToess,  all  should  volatilise.  Again,  it  is 
known  to  be  impure  if  on  shaking  it  in  a  bottle  with  air  any 
black  powder  is  formed,  or  if  when  poured  out  on  a  clean  surface, 
and  then  gently  inclining  the  samo,  the  globule  rolls  in  an  elon- 
gated form,  and  leaves  a  dirty  streak  upon  the  surface. 

Although  distillation  of  the  metal  is  commonly  recommended 
as  a  means  of  purification,  it  is  an  uncertain  one,  for,  aa  before 
remarked,  zinc  and  bismuth  are  sure  to  distil  over  with  it,  if  one 
or  other  be  present ;  or  if  not  very  carefully  done,  the  metal  itself 
is  apt  to  spurt  up,  and  pass  over  into  the  receiver.  If,  however, 
this  method  be  employed,  a  strong  glass  retort  should  be  used, 
and  filled  about  one-third  with  mercury ;  next,  upon  ite  surface,  is 
put  a  layer  of  clean  iron  filings,  or  turnings,  amounting  to  a 
quarter  the  we^ht  of  the  mercury.  The  retort  is  then  bedded  in 
a  deep  sand-bath,  and  a  good  inclination  given  to  its  neck ;  this  is 
lengthened  by  a  cone  of  paper,  which  is  made  to  dip  just  below 
the  surface  of  the  water,  with  which  the  receiver  should  be  half 
filled,  the  receiver  itself  being  kept  thoroughly  cool  by  placing  it 
in  a  basin  of  cold  water.  The  quantity  thus  operated  upon  in 
glass  should  never  exceed  2  or  3  lbs.  weight.  If  it  is  required  to 
purify  a  lai^r  quantity  at  once,  an  iron  retort  must  be  employed, 
which  may  be  well  formed  by  one  of  the  bottles  in  which  mercury 
is  packed  for  transmission.  To  such  a  bottle  a  piece  of  iron  gas 
tube  may  be  screwed  to  to  connect  it  with  the  receiver. 

Upon  the  surface  of  the  distilled  mercury,  at  the  conclusion  of 
the  operation,  there  is  very  commonly  a  film  of  oxide,  and  it  may 
even  chance  of  ferric  oxide  also ;  a  small  quantity  of  hydro- 
chloric acid  put  upon  this  will  generally  dissolve  it,  after  which 
the  mercury  must  be  washed  with  water,  and  dried  at  a  gentle 
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heat.  It  is  therefore  better  to  cover  the  mercuiy  in  the  retort 
with  i^th  its  weight  of  ooanelj-powdered  cinnabar,  in  place  of 
iron  turnings.  The  sulphur  thus  afforded  converts  foreign  metals 
into  Bulphides,  mercury  being  set  free  at  the  scime  time. 

AU  things  considered,  it  is  better,  in  place  of  employing  mer- 
cury at  all,  to  operate  upon  a  pure  mercurial  compound,  which  is 
decomposable  by  heat.  And  there  are  three  which  may  be  ao 
treated ;  the  sublimed  sulphide,  or  vermilion,  the  chloride,  and 
the  red  oxide.  The  first  two  must  be  treated  with  one  part  of 
lime ;  but  if  the  third  be  uaed,  simple  distillation  suffices.  But 
here  the  product  is  apt  to  have  a  film  of  oxide  reproduced  under 
the  influeuoe  of  the  heat,  although,  if  it  occur,  it  may  be  removed 
by  a  little  warm  nitric  acid,  made  very  dilute. 

There  are,  however,  methods  of  purifying  mercury  without 
distilling,  namely,  by  digesting  it  in  agents  capable  of  dissolving 
out^  and  combining  with  impurities  ;  and  for  such  either  sulphuric 
or  nitric  acids,  or  even  mercuroua  nitrate,  may  be  employed 
with  excellent  effect.  If  nitric  acid  be  chosen,  it  should  be  diluted 
with  about  8  parts  of  water;  the  mercuiy,  put  into  a  flat-bot- 
tomed flaak,  or  glass  dish,  in  a  shallow  layer,  is  then  covered  with 
the  acid,  and  the  whole  digested  for  some  houra  at  a  temperature 
'  of  about  130°  F.  =  54.°'5  C.  During  the  digesting,  it  must  be 
firequently  shaken  or  stirred,  so  as  to  expose  it  well  to  the  action 
of  the  acid.  But  little,  if  any,  of  the  mercury  is  dissolved,  if  it 
be  impure.  Lastly,  the  acid  contaiuing  the  foreign  metals  in  solu- 
tion ia  poured  off,  and  the  purified  mercury  washed  and  dried. 

The  manipulation  is  the  same  where  mercuroua  nitrate  is  used, 
and  for  the  purpose  ^gth  part  of  the  salt  may  be  employed,  dis- 
solved in  a  email  quantity  of  water;  but  here  Gmeliu  advises 
boiling  for  aome  hours.  The  metala  removed  by  the  decomposition 
of  the  salt  will  be  replaced  by  its  mercury. 

If  sulphuric  acid  ia  employed,  it  is  to  be  oft«n  shaken  for  some 
hours  with  the  mercury,  and  its  strength  increased  in  the  pro- 
portion in  which  we  may  presume  impuritiea  to  be  present  The 
operation  is  here  stopped  when  the  acid  ceases  to  become  turbid, 
aad  the  metal  then  washed  and  dried  as  in  other  cases. 
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Dr.  Miller  recommends  an  old  but  vety  simple  means  of  puri- 
fying mercury,  devised  by  Priestly,  namely,  putting  it  into  a  bottle 
to  the  amount  of  about  one-fourth  of  its  capacity,  a  little  finely 
powdered  loaf-sugar  being  next  added,  and  the  bottle  stoppered ; 
the  mixture  is  vigoroualy  shaken  for  a  few  minutes  ;  the  bottle  is 
then  opened  and  fresh  air  blown  in  by  a  pair  of  bellows,  after 
which  it  is  again  shaken  ;  this  treatment  is  repeated  three  or  four 
times,  and  the  mercury  then  filtered  by  pouring  into  a  cone  of 
smooth  writing  paper,  having  its  apex  pierced  with  a  fine  pin  ;  the 
sugar  ia  left  behind  with  oxides  of  foreign  metals,  and  also  a 
certain  quantity  of  the  mercury  in  a  statfl  of  fine  division,  is 
retained  by  the  filter. 

Mercury  may  also  be  filtered  by  squeezing  it  thniugh  a  piece 
of  chamois  leather.  If  previously  wot,  it  should  be  dried  by 
placing  it  on  bibulous  paper,  and  afterwards  gently  warming  it. 

Propertiu. — Mercuiy  ia  always  fluid  down  to  38°  below  zero, 
F.  =  jS^-a  C,  at  which  point  it  solidifies,  after  which  it  may  be 
hammered  out  as  an  ordinary  metal,  or  even  welded.  It  contracts 
considerably,  and  becomes  crystalline  in  texture  during  solidifi- 
cation, exhibiting  octohedral  crystals. 

The  fluid  metal  is  very  lustrous;  it  boila  at  about  660° 
F.  =  349°'s  C.  (the  point  not  having  been  very  accurately 
determined),  but  it  ia  so  volatile  that  its  vapour  is  given  off  at 
very  much  lower  t«mperatures,  even  the  ordinary  ones  of  the  air. 
Thus,  if  some  mercury  be  placed  in  a  dish  and  covered  with  a 
small  bell  jar,  and  a  slip  of  gold  leaf  be  then  hung  in  the  latter,  it 
will,  in  about  six  or  eight  weeks,  become  thoroughly  amalgamated 
upon  its  surface  with  mercury.  Burnett  (in  the  Pkil.  Tratu.  of 
the  year  1823)  gives  a  curious  instance  of  its  volatility.  Some 
mercury  in  the  cargo  of  a  ship  was  packed  in  leathern  bags. 
These  becoming  rotten,  the  metal  escaped  into  the  bilge  of  the 
ship.  A  very  elastic  fluid  was  soon  evolved,  which  covered  every 
metallic  article  in  the  ship  with  a  coat  of  mercury,  and  at  the 
same  time  the  crew  were  perfectly  salivated. 

The  speoiflc  gravity  of  mercury  is  I3"59  at  ordinary  tempe- 
raturee,  while  that  of  its  vapour,  evolved  by  boiling,  is  6-976. 


Hohr  states  that  too  lbs.  of  mercury  will  Tolatilize  into  about 
^60  feet  of  vapour. 

Mercury  ia  readily  dissolved  by  strong  nitric  acid,  and  mercuric 
nitrate  formed  with  evolution  of  nitric  oxide ;  if  the  acid  be  dilute 
the  action  is  slow,  and  then  a  quantity  of  crystals  will  be  deposited 
in  the  solution,  these  being  crystals  of  mercurous  nitrate. 

Sulphuric  acid  dissolves  it  only  by  the  assistance  of  heat,  when 
a  Bulpfaat«  is  formed,  and  at  the  same  time  a  portion  of  the  acid  ia 
decomposed  and  Bulphurous  acid  evolved.  Hydrochloric  acid  has 
no  action  upon  it.  It  may  be  combined  directly,  and  at  ordinary 
temperatures,  with  chlorine,  iodine,  bromine,  or  sulphur.  It 
combines  readily  with  gold,  silver,  tin,  lead,  bismuth,  cadmium, 
and  zinc,  with  somewhat  more  difficulty  with  copper  and  iron. 
\?hile  for  most  other  metals  it  has  very  slight  affinity.  Thus 
amalgams  are  formed  which  become  dissolved  in  an  excess  of 
mercury;  under  ordinary  circumstances  these  are  simple  mixtures. 
The  atomic  weight  of  mercury  is  200,  at  which  estimate  its  two 
oxides  must  be  considered  as  a  suboxide  and  a  protoxide.  Its 
symbol  is  Hg,  &om  the  word  Hydrargyrum. 

CotapouTtdt  with  Oxygen. — If  we  shake  mercury  with  air,  or 
oxygen  gas,  or  with  ether  or  turpentine,  or  rub  it  well  with  grease 
or  sugar,  we  destroy  its  lustrous,  metallic  appearance,  and  get  a 
grey  powder  from  it ;  this  is  not,  as  was  formerly  supposed,  an 
oxide  of  mercury,  but  chiefly  mercury  in  a  state  of  fine  division, 
mixed  with  a  very  small  quantity  of  oxide.  In  some  of  the  com- 
pounds employed  in  medicine,  supposed  to  contain  mercuroue 
oxide,  as  mercurial  ointment,  or  blue  pill ;  if  the  microscope  ije 
used  they  will  be  seen  to  be  mainly  composed  of  very  minute 
globules  of  the  metal,  separated  by  the  foreign  matter  employed. 
Their  size  averages  about  the  T^nth  of  a  line  in  diameter. 

A  true  auboxide,  or  mercurous  oxide,  may  be  formed  by  adding 
caustic  potasa  in  excess  to  a  solution  of  a  subaalt, — mercurous 
nitrate,  for  example,  —  when  it  falls  as  a  blackish  brown  powder. 
Or,  some  calomel  may  be  diflused  in  water,  potash,  or  soda  added, 
and  the  mixture  well  shaken  together ;  the  black  precipitate 
formed  is  then  to  be  well  washed  from  adherent  alkali.     This 
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oxide  cannot,  however,  be  preserved  in  an  isolated  state,  aa  «mple 
exposure  to  light  suffices  to  couTort  it  into  the  red  oxide,  the 
exoees  of  metal  being  at  the  some  time  set  iree.  It  is  insoluble  in 
water,  and  by  heating  is  entirely  decomposed,  the  metal  being  left. 
Composition,  Hg^  0.     Atomic  weight,  416. 

The  eecond  oxide,  the  protoxide,  or  mercuric  oxide,  is  a  stable 
compound.  It  was  formerly  prepared  by  heating  mercury  id  a 
mattraas,  to  which  a  very  long  neck  waa  attached,  in  order  to 
hinder  evaporation  of  the  mercury, — a  heat  just  above  its  boiling 
point  being  used.  This  latter  was  left  open,  so  as  to  allow  of  free 
access  of  air  to  the  interior  of  the  flask.  At  the  end  of  a  month 
(or  thereabouts)  all  the  metal  was  found  to  be  converted  into  a 
red  scaly  powder, —  this  oxide,  but  this  process  was  attended  with 
great  loss  of  mercury.  Hence  the  best  method  of  obtaining  it  is  by 
dissolving  either  the  mereuric  nitrate  or  chloride  in  water,  and 
then  adding  a  solution  of  potash ;  a  dense,  bright  yellow  powder 
of  mereuric  oxide  is  then  thrown  down,  which  requires  to  be  well 
washed  and  dried.  It  may  also  be  produced  by  heating  the 
nitrate  to  dull  reilness,  until  it  ceases  to  evolve  fumes;  in  this 
way  we  get  a  scaly  red  powder,  but,  although  the  same  as  the  pre- 
cipitated in  composition,  does  not  so  readily  enter  into  com- 
bination. 

Mercuric  oxide,  or  protoxide  of  mereury,  or  any  of  its  salts,  are 
violent  acrid  poisons.  The  protoxide  is  very  slightly  soluble  in 
wat«r,  one  part  being  soluble  ia  7000,  The  solution  has  a  dis- 
agreeable metallic  taste,  and,  on  exposing  it  to  the  air,  it  becomes 
covered  with  a  film  of  metallic  mercury.  When  the  yellow  oxide 
is  heated,  it  changes,  first,  to  vermilion  red,  and  at  last  to  bluish 
black,  but  recovers  its  original  colour  on  cooling.  Composition, 
Hg  0.     Atomic  weight,  2 1 6. 

ConqtowuU  vritk  Chlorine. — These  are  two  in  number,  and  ana- 
logous to  the  oxides  j  the  first,  or  subchloride,  known  in  medicine 
as  calomel,  and  the  second,  or  mercuric  chloride,  as  corrosive 
sublimate. 

The  subchloride,  or  mercurous  chloride,  may  be  obtained  by 
precipitating  a  solution  of  mercureus  nitrate,  by  means  of  hydro- 
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oUorio  add  or  an  alkaline  chloride.  Thus  a  whitieh  flocculent 
powder  foils,  wbich  must  be  thoroughly  washed  with  boiling  dis- 
tilled water,  and  dried.  But  the  following  process  is  more  usually 
employed.  A  sulphate  of  the  red  oxide  is  first  made ;  by  heating 
1  lbs.  of  mercuiy  with  3  of  sulphuric  acid,  and  evaporating  to 
dryness.  A  similar  quantity  of  mercury  to  that  first  taken  is  then 
added,  so  as  to  form  a  sulphate  of  the  black  oxide.  To  this  a 
pound  and  a  half  of  common  salt  is  added,  and  the  whole  sub- 
limed. This  latter  affords  chlorine  to  the  mercury  to  convert  it 
into  snbchloride  of  mercury ;  while  the  sulphuric  acid  of  the 
mercurial  salt  combines  with  the  sodium  to  form  sodic  sulphate. 

The  operation  may  be  explained  by  the  following  formulte  ;  in 
the  first  stage 

Hg  +  iH,S04+HgS0,  +  S0,-t-2H,0. 

On  adding  the  mercurjr,  Hg"  S  O4  +  Hg  =  Hg*,  S  0«. 
Next  in  the  subliming  operation 

Hg",  S  O4 -I- 2  Na  CI  =  Nft,  S  O4 -f  I  Hg' CI. 

Calomel  may  also  bo  obtained  by  rubbing  100  parts  of  mer- 
curic chloride  (corrosiTe  sublimate),  with  75  ports  of  metallic 
mercuiy ;  these  quantities  being  very  closely  in  the  ratio  of  one 
proportional  of  each.  The  rubbing  is  continued  until  all  metallic 
globules  disappCEU- ;  and,  in  order  to  faciUtate  this,  as  also  to  pre- 
vent the  rubbing  away  of  chloride  as  fine  dust,  a  little  water  may 
be  added,  so  as  to  moisten  the  whole.  Finally,  the  mixture  is 
sublimed  as  before. 

The  sublimed  product  requires  to  be  powdered  and  well  washed 
with  hot  water ;  or  it  may  be  sublimed  into  a  vessel  filled  with 
steam,  by  which  it  will  be  minutely  divided,  so  as  to  render  pow- 
dering unnecessary. 

It  is  an  insoluble  compound,  which  sublimes  in  four-sided 
prisms  of  a  brownish  white  colour.  Its  composition  is  Hg  CI  ^ 
atomic  weight,  235';. 

Mercuric  chloride,  or  corrosive  subhmate,  is  prepared  in  the 
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aame  waj,  but  with  tlie  omission  of  the  aecond  quantity  of  mer- 
cuiy ;  hence,  in  sublimitig,  it  la  a  mixture  of  oommon  Bait,  with 
sulphate  of  the  red  oxide  which  is  operated  upon.  The  fonnuln 
are,  therefore,  in  the  fint  stage  the  same  as  ia  that  for  the  sub- 
chloride,  after  which  comes  at  once  the  subliming  operation  as 
follows, 

HgSO«+  3NaCl  =  Na,S0,+  HgCl*. 

It  may  also  be  made  by  dissolving  the  red  or  yellow  oxide  in  hot 
hydrochloric  acid,  when  ctystals  of  ooiroeive  sublimate  separate  on 
cooling  in  transparent  four-eided  prisms,  which  are  colourless,  and 
soluble  in  16  parts  of  cold,  or  in  3  parts  of  boiling  water  :  and  it 
is  far  more  soluble  in  alcohol  or  ether.  The  operation  called 
'  tfaniaing '  is  the  soaking  of  wood  in  a  solution  of  one  part  of 
mercuric  chloride  in  80  of  water.  And  this  is  found  to  arrest  the 
rotting  of  the  wood  in  a  remarkable  degree.  Hence,  also,  mer- 
curic chloride  is  much  used  for  the  preservation  of  anatomical 
preparations  :  the  fluid,  known  aa  Goadby'a  fluid,  being  a  solution 
of  this  salt  mixed  with  bay  salt  and  ijum  ;  the  mercurial  salt 
being  in  the  proportion  of  a  grain  to  a  pint  Its  composition  ia 
HgClii  atomic  weight,  271. 

There  are  two  iodides  corresponding  to  the  chlorides  ;  they  are 
formed  by  precipitating  the  salts  of  oorrespondii^  oxides  by  means 
of  potaasic  iodide.  The  subiodide  is  a  green,  and  the  iodide  a 
brilliant  scarlet  powder.  There  are  likewise  two  sulphides.  The 
subsulphide  is  thrown  down  by  passing  dihydric  sulphide  into  a 
solution  of  a  eubsalt  of  mercury.  It  is  resolved  by  heat  into 
metallic  mercuiy,  and  sulphide  or  vermilion. 

The  sulphide,  or  cinnabar,  constitutes,  as  already  stated,  the 
common  ore  ;  in  its  artificial  state  it  forms  vermilion.  When 
dihydric  sulphide  ia  passed  to  saturation  through  a  solution  of  a 
mercuric  salt,  a  white  precipitate  falls ;  this  becomes  black,  and, 
when  dried  and  heated  in  a  retort,  yields  ciunabar.  The  black 
and  red  products  ore  the  same  bodies,  the  colour  only  being 
affected  by  heat. 

The  Chinese  vermilion  far  exceeds  all  other  in  quality,  and  its 
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ezcelleoce  ia  Bupposed  to  depend  in  Bome  measure  upon  the  sunny 
climate  in  whioh  it  ia  made.  The  Dutch  ie  also  excellent,  and 
bence  they  were  for  many  years  the  chief  mnnufacturers  of  it. 
But  their  process,  at  first  kept  secret,  h&a  been  described  in  the 
'  Annales  de  Cbimie,'  and  is  as  follows : — 

Into  a  polished  iron  pot  of  a  foot  deep  by  i  ft.  6  in.  wide,  they 
put  a  mixture  of  150  Iba  of  sulphur  and  loSolbs.  of  mercuty, 
stirring  the  mixture  cautiously  to  prevent  too  violent  action,  and 
consequent  loss.  Combination  of  the  two  produces  a  black  pow- 
der. It  is  next  divided  into  quantities  of  about  1 J  lbs.  each,  and  put 
into  small  jars.  A  set  of  three  subliming  pots,  placed  in  a  suit- 
able funiace,  are  next  arranged,  so  that  the  furnace  flame  can  be 
made  to  play  over  two-thirds  of  their  height ;  these  are  heated 
well  red,  and  then  a  small  pot  of  the  powder  thrown  into  each, 
and  the  emptying  of  the  smalt  pots  into  them  is  now  kept  up  con- 
tinuously for  some  34  hours.  Inflammation  follows  the  throwing 
in  of  each  one,  the  flame  rising  from  3  to  5  feet  above  the  edges 
of  the  pots.  A  quantity  thus  amounting  to  about  410  lbs.  having 
been  emptied  into  each,  the  pots  are  covered  up,  and  kept  heated 
for  a  further  period  of  ]6  hours,  stirring  being  occasionally  em- 
ployed by  means  of  an  iron  rod  passed  through  the  pot  lid.  This 
lid  is  also  put  en  after  throwing  iu  each  one  of  the  small  pots,  as 
soon  as  the  flame  has  sulMided.  The  subliming  pots  are,  lastly, 
taken  out  and  broken,  and  the  vermilion  which  incrusts  their 
upper  portions  ground,  sifted,  washed,  and  dried. 

Dr.  Ure  gives  a  process  by  Eirchofi*,  which  the  former  saya 
yields  vermilion  quito  equal  to  the  Chinese.  It  is  as  follows ; — 
100  parts  of  mercury  are  rubbed  in  a  porcelain  dish  with  23  of 
flowers  of  sulphur,  action  being  assisted  by  moistening  the  mixture 
with  some  solution  of  caustic  potash.  It  is  nest  treated  with  53 
parts  of  hydrato  of  potass,  and  an  equal  weight  of  water,  warmed 
up,  and  again  triturated.  The  vator  must  be  replaced  as  it 
evaporates,  and  the  operation  continued  for  two  hours.  After 
this,  and  still  continuing  the  rubbing,  the  whole  is  to  be  evapor- 
ated to  a  thin  paste,  and  the  heat  removed  the  moment  the  colour 
is  of  a  good  tint     Even  a  few  seoonda  too  much  or  to-i  little  serve 
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to  iojure  the  result ;  in  the  first  case  it  will  become  brown,  and  in 
the  second  the  colour  is  not  fully  developed.  When  cold,  the  masa 
ie  washed  with  a  solution  of  potash,  and  afterwards  with  pure 
water,  and  finally  dried.  Messrs.  Atkinson,  as  also  some  others, 
now  make  exceUent  vermilion  in  Londen. 

Vermilion  is  at  times  adulterated  with  red  lead,  and  with  di- 
arsenic  pentasulphide,  at  other  times  with  ferric  oxide,  and  even 
brick-dust ;  and,  when  we  oonsidA  the  deleterious  character  of  the 
former  two,  it  is  necessaiy  to  be  guarded  against  them. 

Neither  water,  alcohol,  th&  alkalies,  nor  the  mineral  acids 
singly,  have  any  action  upon  vermilion.  But  hydrate  of  potassa 
heated  with  it  separates  its  sulphur  ;  and,  again,  nitro-hydrochlorio 
acid  converts  it  into  Ug  Clg.  Its  composition  is  Hg  S  ;  atomic 
weight,  132. 

Character*  of  Merewrial  Cornpouttdt. — I  at.  If  a  substance  sup- 
posed to  contain  mercury  bo  insoluble,  a  portion  of  it  may  be 
placed  in  a  hard  glass  tube,  and  then  covered  with  a  thick  layer  of 
dry  sodic  carbonate,  and  subsequently  heated.  If  mercury  be  pre- 
sent, it  will  be  separated,  and  condense  in  globules  in  a  cool  part 
of  the  tube.  All  mercurial  compounds  are  dissipated  by  heating 
only. 

2nd.  If  the  suspected  body  be  soluble,  a  solution  of  it  may  bia 
made,  and  into  it  a  strip  of  clean  copper  placed.  Mercury  will  be 
reduced  upon  it,  which  may  be  polished  to  a  silvery  appearance. 
And  if  the  strip  be  afterwards  heated  in  a  tube,  the  mercury  may 
be  sublimed  off  the  capper. 

3rd.  Stannous  chloride  added  may  at  once  throw  down  a  grey 
precipitate  of  metallic  mercury ;  if  it  do  so,  the  compound  con- 
tiuned  mercury  in  the  state  of  suboxide.  If,  on  the  other  hand, 
the  precipitate  appears  white  during  the  addition  of  this  re^i;ent, 
and  before  suificient  of  it  baa  been  added,  the  mercury  was  con- 
tained as  protoxide.  The  first  white  precipitation  depended  upon 
the  formation  of  calomel,  which  latter  becomes  reduced  to  the 
metallic  state  upon  the  complete  addition  of  the  tin  salt 

4th.  Potash,  Boda,  or  ammonia,  gives  a  black  precipitate  in 
salts  of  the  suboxide,  insoluble  in  any  excess.     But  if  potass  give 
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a  reddish  precipitate,  and  ammonia  a  white  one,  the  mercury  waa 
in  the  form  of  protoxide. 

5th.  Hydrochloric  acid,  or  chlorides,  give  no  precipitate  in 
aaltB  of  protoxide  ;  but  throw  down  white  Bubohloride  in  salts  of 
raboxide. 

6th.  If  to  the  unknown  solution,  dihydric  Bulphide,  or  om- 
monio-hydric  sulphide,  be  added  very  cautiously,  and  a  black  pre- 
cipitate appeara  at  once,  it  is  due  to  a  suboxide  ;  but  if  the  pre- 
cipitate is  first  white,  then  brown,  and  at  last  black,  it  is  from  the 
presence  of  protoxide.  This  last,  if  removed  and  heated,  will  sub- 
lime as  a  dark  red  cinnabar  or  vermilion.  The  sulphides  of  either 
oxide  are  quite  insoluble  in  excess  of  the  above  precipitants,  or  in 
potassic  cyanide. 

The  methods  of  estimating  the  quantity  of  mercury  are  modi- 
fied according  as  to  whether  it  is  associated  with  other  metals,  or 
exists  alone  in  the  compound  under  examination. 

First.  If  the  body  be  soluble,  a  carefully  weighed  portion  is 
dissolved  in  water,  and  into  this  solution  is  thrown  an  excess  of 
stannous  chloride,  to  which  a  few  drops  of  hydrochloric  acid  have 
been  previoualy  added.  The  mixture  is  then  carefully  boiled  for 
a  few  moments,  so  as  not  to  lose  mercury  by  evaporation.  The 
liquor  is  next  decanted,  and  the  precipitated  mercuiy  got  into  a 
small  porcelain  crucible ;  it  is  next  dried  by  first  absorbing  the 
water,  and  then  using  a  very  gentle  heat,  when  it  may  be 
weighed  ;  or  better,  where  great  accuracy  is  needed,  dried  without 
heat  by  placing  the  crucible  in  vacuo  with  some  sidphuric  acid. 
The  presence  of  silver  or  lead  interferee  with  this  method. 

FreseniuB  "  gives  a  method  of  universal  application.  He  takes 
an  ordinary  combustion  tube,  1 8  inches  long,  and  after  closing  one 
end  introduces  a  mixture  of  sodic  carbonate  and  powdered  chalk 
for  I  inches.  Then  a  layer  of  quicklime.  Then  the  weighed 
quantity  of  the  compound  under  examination  is  mixed  with  excess 
of  quicklime,  and  this  ia  placed  in  the  next  6  inches  of  the  tube. 
The  mixing  mortar  is  then  rinsed  out  with  quicklime,  and  this  is 
put  into  the  next  1 }  inch  of  the  tube ;  then  quicklime  again  for 
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4  inches,  and,  lastly,  a  plug  of  asbestos ;'  after  which  the  eud  is 
drawn  out  and  bent  at  a  right  angle.  The  tube  is  then  tapped 
on  the  table  to  form  a  space  above  the  material,  and  next  ar- 
ranged in  a  Dombuetion  fiimace,  with  the  bent  end  of  the  tube 
dipping  into  a  flask  having 
water  over  the  bottom,  as  in 
the  drawing.  Heat  is  then 
applied  by  charcoal,  begin- 
ning from  frvnt  to  back,  as  in 
organic  analysis ;  and,  finally, 
the  laat  traces  of  mercury  are 
Fig.  ]i.  expelled  by  heating  the  mate- 

rials put  in  at  the  first  end. 
When  all  has  been  distilled  out,  the  neck  is  taken  off,  and  the 
mercury  all  collected,  washed,  dried  over  sulphuric  acid,  and  not 
by  heat,  and  weighed. 

An  accurate  method  also  is  the  following  one,  which  is  very 
similar  in  manipulation.  In  it  the  compound  is  heated  with  dry 
lime,  being  placed,  as  before,  in  a  combustion  tube,  but  of  the 
shape  depicted  below  the  furnace  arrangement  figured  upon  the 
last  page,  where  it  will  be  seen  that  a  chamber  is  formed  at  one 
end  to  serve  as  a  receiver. 

Into  this  tube  a  small  plug  of  asbestos  is  first  put  close  up  to 
the  receiver  end.  Then  dry  fragments  of  quicklime,  until  they 
reach  nearly  to  the  centre  of  the  tube ;  next  the  mercurial  oom- 
pound  ;  a  cEu^fully  weighed  quantity  of  about  twenty  grains  being 
employed,  or  ranging  from  one  to  two  grammes.  After  this  the 
tube  is  filled  to  its  front  end  with  more  lime.  It  ia  next  arranged, 
as  in  the  last  case,  in  a  combustion  fiumace.  To  the  outer  end  of 
the  tube  is  connected  a  small  tube  from  an  apparatus  for  the 
evolution  of  dry  hydrc^n  gas.  A  current  of  the  latter  being 
passed  in  the  combustion  tube  is  heated  to  redness  by  hot  char- 
coal, commencing  at  the  end  next  the  receiver,  and  carrying  it 
back  to  the  outer  end.  Afler  the  ^11  decomposition  of  the  speci- 
men, the  evolution  of  gas  is  steadily  kept  up  till  all  watery  vapour 
is  driven  out ;    aft«r  which  the  receiver  is  cut  off,  and  weighed 
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with  ita  coDtenta,  and  again  weighed  after  thoroughly  cleansing 
out  the  mercury,  when  the  loss  will  correapond  to  the  weight  of 
the  latter.  If  nitric  acid  be  present  in  the  compound  to  be  ana- 
lysed, qnicklime  cannot  be  employed,  but  copper  turnings  must  be 
used  instead. 

The  methods  given  all  separate  metallic  mercury,  but  it  may  lie 
estimated  accurately  in  a  soluble  compound,  as  sulphide.  For  th  is 
the  solution  is  to  be  acidulated  with  hydrochloric  acid,  and  excess 
of  dihydric  sulphide  gas  passed  in,  allow  the  precipitated  siJpbide 
to  subside,  and  then  filter,  wash  quickly  with  cold  water,  and  diy 
at  a  moderately  low  temperature  and  weigh. 
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CHAPTER    VII. 


SiLTKR. 

There  is  every  evidence  of  the  knowledge  of  silver  from  ths 
very  remotest  ages.  Thus,  in  the  book  of  Job,  it  is  said,  '  Surely 
there  is  a  vein  for  silver ;'  and  again,  in  the  book  of  Genesis,  we 
are  told  that  Abraham  bought  the  ground  for  his  wife's  burial- 
place,  and,  to  pay  for  it,  '  weighed  out  four  hundred  shekels  of 
silver,  current  with  the  merchants ;'  and,  somewhat  later  stiU,  the 
Spanish  peninsula  was  extremely  productive  of  silver.  In  the 
middle  ages  Anstiia  was  ita  chief  source,  in  whose  mines  it  was 
found  as  an  associate  metal  with  lead,  and  in  the  varying  propor- 
tion of  from  60  to  600  ounces  to  each  ton  of  lead.  It  was  also 
obtained  plentifully  in  Saxony  and  the  Hartz  district. 

At  the  present  day  Mexico,  the  United  States,  Peru,  and  Chili, 
supply  vast  quantities  of  silver ;  in  the  former  principally  &om  the 
mining  districts  of  Zacatecas  and  Guanaxuato. 

In  Europe,  Spain,  Austria,  Saiony,  the  German  States,  and, 
liistly,  our  own  island,  furnish  a  very  considerable  quantity,  oura 
being  all  Irom  lead  sulphide,  much  of  which  silver  was  formerly 
left  in  the  reduced  lead ;  but,  since  the  use  of  Mr.  Pattinson's 
excellent  process  for  its  extraction,  this  silver  has  been  profitably 
separated ;  so  that,  from  this  source,  in  one  year  alone,  viz.  1 852, 
the  large  amount  of  3oo,ooo  ouncea  was  obtained.  Our  average 
annual  produce  has  since  that  time  been  about  610,000  ounces. 


8ILVKE.  IBl 

Mr.  J.Arthur  Phillips"  gives  a  table  of  the  production  of  silver 
n  the  principal  Bilver-yielding  countries  of  the  world,  and  from 
this  it  appeaiB  that  the  totals  obtained  in  the  year*  1800,  iSjo, 
and  1865  respectively,  were,  for  the  former,  a,337.3O0  Iba.  troy ; 
for  the  middle  date,  2,827,42;  Iba. ;  and  for  1865,  4,017,000  lbs. 
Then,  calling  the  latter  year's  tqtal  amount  too  parts,  the  per- 
centage of  the  various  countries  was  as  follows,  viz.  Mexico,  ^I'j 
per  cent;  the  United  States,  25;  Chili,  Peru,  and  Bolivia,  18; 
Europe  generally,  12*2  (of  which  latter  Britain  furnished  1*5  per 
cent) ;  Russia,  i  '5  ;  Brazil  and  New  Granada,  '8 ;  Australia  and 
other  British  possessions,  'i. 

Silver  is  found,  first,  as  native  silver,  occurring  in  flat  masses, 
at  times  arborescent,  and  often  orystalline,  the  cube  and  octo- 
hedron  being  the  prevailing  forms,  also  the  cubo-dodocahedron. 
Native  silver  is  oflen  associated  in  Mexico  and  Chili  with  iron  in 
ferruginouB  rocks ;  whilst  in  America  it  occurs  with  native  copper, 
large  masses  often  being  seen  to  consist  of  the  two  metsis  diffused, 
although  distinct  from  each  other,  the  silver  showing  in  specks 
upon  the  surface  of  the  copper.  At  Copiapo,  in  Chiii,  considerable 
quantities  of  silver  ore  found  native  and  in  a  massive  condition. 

Native  silver  is  usually  free  from  any  considerable  admixture 
with  other  metals ;  but  it  always  contains  gold,  often  in  mere 
traces,  but  never  quite  absent.  But  few  analyses  have  been 
published  of  native  silver.  The  following  one,  made  and  sent  me 
by  Professor  Church,  is  interesting  as  being  a  specimen  from  an 
Engliah  mine.  Wheal  Ludcote,  in  Cornwall : — 


Silver       .         .         .         . 
Chloride  of  Silver 
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Iron        .        .        .        . 
Metals  precipitated  by  H,  1 
Loss        .        .        .        . 
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Again,  silver  is  found  with  sulphur  as  sulphide,  either  alone 
or  mixed  with  certain  other  metals,  yIe.  iron,  copper,  antimony, 
arsenic,  and  tin.  The  sulphides  may  be  divided  into  three  kinds, 
dependent  upon  these  admiiturea.  First,  there  is  the  common 
sulphide  of  Mexico,  known  aa  vitrecus  sulphide  :  this  is  of  a  leaden 
colour,  having  a  glassy,  conchoidal  fracture,  but  occurring  some- 
times cTystalline ;  it  is  very  fusible,  and  also  readily  yields  its 
silver  by  parting  with  sulphur.  It  is  the  most  common  ore,  and 
is  a  protoBulphide.  It  is  very  abundant  at  Zacatecas  and  Gua- 
naxuato.  Composition,  when  clean  and  pure : — Silver,  86 ;  sul- 
phur, 14.  But  the  ordinary  working  ore  is  very  far  from  pure, 
and  of  these  ores  Phillips  gives  the  following  analyses.  The  first 
is  one  of  an  ore  of  '  more  than  average  richness,  from  the  district 
of  La  Lui,  Guonaxuaia;  and  the  second  an  average  sample  of 
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Another  sulphide  is  known  aa  brittle  silver  ore,  which  in 
appearance  much  resembles  the  last,  except  in  being  of  slightly 
darker  colour.  This,  also,  is  readily  decomposed  by  heat,  and, 
during  decomposition,  evolves  fumes  of  arsenic  and  antimony,  the 
former  being  recognised  when  present  by  its  peculiar  garlic  odour. 
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This  ore  is  found,  not  only  in  Saxony  and  Hungary,  but  also  in 
Mexico,  Peru,  and  Chili.  Composition : — Silver,  66-50 ;  antimony, 
ICO  to  14;  iron,  5-0;  copper  and  arsenic,  0-$ ;  sulphur,  no. 

The  third  sulphide  oommon  in  all  eiWer  mines,  but  particu- 
larly at  Freyburg,  ia  the  red  silver  ore.  This  is  a  crystalline  ore, 
often  ocourring  in  beautiful  ruby  tranaparent  crystals,  wherein  the 
sulphides  are  associated  with  oxides.  It  contains  antimony  largely. 
Compoaition  : — Silver,  {6  to  62  ;  antimony,  16  to  23  ;  sulphur,  1 1 
to  14 ;  oxygen,  8  to  1  □. 

Next.  We  have  chloride,  and  also  iodides,  bromides,  and  arse- 
nides of  silver.  The  former,  or  native-hom  silver,  ia  one  of  the 
moat  abundant  ores  of  Chill  It  is  a  true  chloride,  and,  although 
moat  oommonly  amorphous  and  homy  in  its  appearance,  is  abo  at 
times  found  cryatallized  in  very  amall  cubo-octohedral  crystals. 
Its  colour  is  yeUowiah,  and  capable  of  being  darkened  by  exposure 
to  sunlight,  Just  as  ordinary  precipitated  chloride  of  silver  would 
be.  If  fused  before  the  blowpipe,  its  chlorine  will  be  driven  off, 
and  a  button  of  silver  left.  Composition  — Silver,  7$-j  ;  chlorine, 
a  3  7. 

Native  alloys  are  found,  and  thus  an  amalgam  of  mercury 
with  silver  exists  in  many  locaUties.  It  is  silvery  white,  and  often 
crystallized ;  at  times  of  a  green  tint  on  its  surface,  dependent  on 
the  presence  of  copper.  It  is  brittle,  and,  if  cut,  crackles  under 
the  knife.  Average  composition  : — Silver,  36  parts ;  mercury,  64; 
up  to  silver,  86  ;  mercury,  1 4. 

Lastly,  what  is  known  as  antimonial  silver  is  a  natural  alloy 
of  antimony  and  silver,  containing  64  of  silver  to  16  antimony. 

Phillips  mentions  an  alloy  of  antimony  and  silver  of  the 
formnla  Ag,  Sb,  and  containing  77  per  cent  silver,  with  23 
antimony. 

The  Mexican  mines  are  the  chief  of  all  the  North  American 
ones,  Zacatecaa  and  Guanaxuato  being  the  principal. 

The  sulphides  here  obtained  are  almost  always  reduced  by 
amalgamation  by  the  Patio  prooeea,  to  be  described ;  but  about 
one-fourth  of  the  ores  are  directly  smelted. 

At  Ouanaxuato  the  mines  are  very  deep  ;  '  Valencia'  is  no  less 
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than  343  iathoma,  and  ia  entered  by  a  priDcipal  shaft  of  30  feet  in 
diameter.     '  Rajas,'  next  in  depth,  ia  1 1  $  &thoms. 

The  ore  oocura  in  primitive  rocks,  often  in  calcareous  or  quartz 
veins.  It  ia  often  stained  with  oxide  of  iron.  Such  ores  are  called 
colorados  by  the  Moiican  miners,  in  contradistinction  to  what  they 
call  negros,  or  true  black  sulphides.  Where  the  ore  is  exposed  to 
the  air,  it  is  generally  thus  rusted. 

They  oilen  contain  a  considerable  amount  of  gold,  so  as  to 
render  their  refining  a  matter  of  much  profit  But,  even  after 
refining,  I  have  commouly  found  left  in  the  Mexican  dollars  (made 
from  such  silver)  from  3  to  5  grains  of  gold  per  pound  troy. 
Down  to  some  100  fathoms  these  Mexican  mines  are  rich,  but 
after  that  they  gradually  diminish  in  produce. 

Next  to  the  Mexican  miaes  come  the  newly-discovered  ones  in 
Nevada  country,  North  America,  opened  in  the  year  1 8^9,  from 
which  an  enormous  produce  of  silver  is  obtained.  At  one  of  these, 
the  Great  Comatock,  Phillips  states  that  1250  tons  of  ore  are 
raised  daily.  The  ores  are  sulphides  of  various  kinds,  and  argen- 
tiferous galena  is  also  found  of  rich  quality,  in  which  the  propor- 
tion of  gold  is  also  considerable.  The  ore  ia  in  a  brownish  quartz, 
which,  on  examination,  shows  specks  of  '  finely  disseminated  gold 
and  eilrer,  and  occasionally  apots  of  chloride  and  sidphide  of  the 
latter  in  it.'  Some  of  the  workings  are  shallow,  but  acme  of  the 
shafts  are  £00  to  800  feet  deep. 

There  are  several  methods  of  separating  silver  fix>m  ita  ores, 
but  they  may  all  be  clasaed  under  three  distinct  processes.  First 
may  be  mentioned  a  number  of  operattone,  which  are  all  metho<b 
of  uniting  the  silver  of  the  ore  with  a  quantity  of  lead,  these  two 
being  subsequently  separated.  Secondly,  some  ores  are  treated  by 
conversion  of  the  sulphide  into  chloride,  and  then  reducing  the 
latter  into  metallic  silver,  in  the  wet  way ;  or  the  sulphides  may 
be  converted  into  sulphate,  and  then  the  silver  separated  from  the 
solution.  Then,  thirdly,  we  have  the  great  process,  by  which  the 
Mexican  and  Saxon  ores  have  been  reduced,  vis.  amalgamation. 

For  carrying  out  the  first  process,  the  ores,  if  rich,  are  fused 
with  lead  or  roaated  lead  ore;  thus  an  alloy  of  silver  and  lead  ia 
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formed,  which  floats  upou  an  under-Btratum  of  plumbic  sulphide, 
with  sulphides  of  other  metals.  Ores  containing  lead,  copper,  and 
mlver,  if  the  lead  be  large  in  amount  and  the  copper  smaller,  are 
worked  as  lead  ores  would  be,  and  '  workable  lead,'  fiiaed  out  while 
the  matts  obtained  are  repeatedly  Fused  with  lead  compounds, 
until  all  the  workable  lead  is  separated.  This  is  then  cupelled  for 
the  silver,  as  hereafter  described,  and  the  matts  at  length  worked 
by  liquation  for  black  copper,  and  to  separate  the  remaining  silver. 

Poor  ores,  conttuning  copper  in  excess,  are  smelted  with  iron 
PTTites  as  a  flux;  thus  earthy  gangue  is  separated,  and  richer 
matte  obtained  after  several  such  rosstings.  These  are  fused 
with  lead  compounds,  or  with  ores  which  contain  lead,  and  thus 
workable  lead  is  obtained  for  cupellation,  and  the  matts  worked 
again  till  they  become  so  cupreous,  that  they  are  worked  finally 
M  black  copper. 

The  separation  of  silver  fVom  argentiferous  galenas  will  be 
described  under  the  article  Lead. 

Where  silver  exists  in  the  ore  in  the  metallic  state,  as  at 
Kongsberg,  in  Norway,  metallic  lead  fused  with  it  in  about  equal 
weight  to  that  of  the  ore,  combines  at  once,  and  on  cupelling 
the  mixture,  about  one-third  of  the  silver-lead  will  come  out  as 
silTer, 

Where  other  metals  contained  in  silver  ores  are  disregarded, 
the  amalgamation  processes  are  applied,  but  where  it  is  an  object 
to  separate  such  foreign  metab,  as  where  silver  ia  obtained  from 
lead  ores,  or  from  argentiferous  or  black  copper,  the  above  or  some 
other  operations  are  practised.  Thus,  at  Mansfeld,  for  the  separa- 
tion of  silver  from  copper  ores,  the  black  copper,  as  it  is  called,  is 
mixed  with  poor  lead,  equal  in  amount  to  ;oo  times  the  quantity 
of  silver  estimated  to  be  in  the  ore,  and  then  cast  into  disks  or 
cakes  of  about  ]  inches  thick  and  z  feet  in  diameter.  These 
(weighing  about  })  cwt  each)  are  subjected  to  a  process  called 
liquation,  or  sweating,  performed  by  placing  them  in  an  appro- 
priate furnace,  and  then  heating.  By  this  the  lead  runs  from  the 
mass,  carrying  the  silver  with  it,  and  also  small  portions  of  copper, 
while  a  mass  of  spongy  copper  will  remain,  constituting  the  skele- 
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ton  of  the  diek,  although  retaining,  at  the  same  time,  small  traces 
of  lead. 

The  Bweating-out  of  the  lead  and  silver  occupies  about  three 
hours  j  but  a  small  portion  is  geuerall^  retained  in  the  discs,  which 
is  subsequently  recovered  by  a  second  sweatii^  operation  upon 
them  at  a  higher  temperature.  The  above  is  one  of  the  plans 
followed,  as  stated,  at  Mansfeld  for  the  extraction  of  silver  from 
'black  copper.'  A  second  will  be  described  under  the  article 
Copper.  Under  the  second  plan  of  separating  nlver  from  its  ores, 
come  the  wet  methods  devised  of  late  years,  partly  to  avoid 
amalgamating.  They  are  quicker  of  performance,  and,  moreover, 
separate  the  silver  more  oompletely  from  other  metals. 

The  most  »mp]e  and  economical  of  these  wet  plana,  suggested 
by  Ziervogel  in  iS;?,  was  applied  by  him  to  the  separation  of 
silver  from  the  Manafeld  copper  matts,  where  leas  than  one  per 
cent  of  silver  is  associated  with  80  per  cent  of  cuprio  sulphide, 
and  about  1 )  of  ferric  sulphide. 

The  ore  is  first  carefully  roasted  for  about  10  hours  altogether, 
by  which  the  sulphides  are  oiidiied  and  converted  into  sulphates; 
but,  by  continuous  roasting,  those  of  copper  and  iron  will  have 
become  decomposed,  and  oxides  of  these  metals  formed.  Extreme 
care,  however,  is  needed  to  prevent  similar  decomposition  of  the 
silver  salt,  which  would,  in  such  case,  be  carried  to  the  condition 
of  metallic  silver ;  while,  at  the  same  time,  the  roasting  must  be 
carried  on  so  as  to  ensure  the  oxidation  of  the  copper  and  iron 
oompletely. 

After  the  roasting,  solution  is  effected,  the  argentic  sulphate 
being  dissolved,  while  the  other  oxides  are  left.  The  latter  are 
separated,  and  then  the  silver  reduced  to  the  metallic  state  by 
placing  pieces  of  metallic  copper  in  the  solution.  This  process,  is, 
however,  unfit  for  ores  which  contain  any  quantity  of  lead,  sine, 
arsenic,  or  antimony  ;  but  it  is  essential  that  they  contun  cupric 
sulphide  for  the  suocew  of  the  operation. 

Before  this  process  was  devised,  that  of  Augustin  was  used,  in 
which  the  argentic  sulphide  was  roasted  first  alone,  so  as  to  con- 
vert the  copper  and  iron  into  oxides,  and  the  silver  into  sulphate ; ' 
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after  8  hours  roasting  for  this,  it  is  removed  and  ground,  then 
mixed  with  5  per  cent  of  common  salt,  and  again  roasted  fur  3 
hours  with  frequent  stirring,  so  as  to  decompose  the  salt  bj  means 
of  the  sulphates,  and  chlorinate  aU  the  silver.  The  charge  is  then 
withdrawn,  and  placed  at  the  bottom  of  a  kind  of  percolating 
tuh,  a  tub  with  a  second  or  false  bottom ;  this  second  bottom  after 
being  first  covered  with  a  little  stmw,  has  a  Unen  filter  cloth  put 
over  all;  upon  the  latter  the  powdered  matt  is  placed,  and  on 
this  is  poured  a  hot  and  tolerably  strong  solution  of  sodic  chloride, 
the  latter  being  a  solvent  for  the  argentic  chloride  present.  The 
filtered  solution,  thus  cleared  from  insoluble  matter,  baa  then 
plates  of  copper  put'  in  it,  which,  by  taking  the  chlorine  of  the 
argentic  chloride,  becomes  cupric  chloride,  and  the  silver  is  de- 
posited in  the  metallic  state,  requiring  only  washing  and  com- 
pressing, or  fusing. 

In  1848,  Dr.  Percy  described  a  method  of  dissolving  silver  for 
its  separation  by  sodic  hyp(wulphite,  in  which  he  found  its  chloride 
more  soluble  than  in  sodic  chloride ;  and  some  ten  years  after, 
Don  Patera  adopted  this  menstruum  at  Joachimsthal  for  the  rich 
ores  found  there.  His  plan,  after  picking  the  ore  so  as  to  separate 
poor  portions,  is  to  roast  them  for  about  4  hours,  passing  at  the 
same  time  a  current  of  steam  over  the  bed  of  roasting  ore.  It  is 
next  removed  and  ground,  and  then  mixed  with  6  to  i>  per  cent 
of  salt,  and  t  to  3  per  cent  of  ferrous  sulphate  to  decompose  this 
■odic  chloride,  and  then  the  whole  is  again  roasted,  and  agun 
with  ttie  admission  of  steam,  which  assists  in  the  chlorination  of 
the  silver,  when  after  about  11  hours  the  charge  is  removed  for 
washing. 

It  is  first  washed  with  water  in  order  to  remove  soluble 
chlorides  and  sulphates ;  after  which,  the  undissolved  portions  are 
treated  upon  filtering  tubs  with  sodic  hyposulphite,  which  dis- 
solves, and  carries  through  the  argentic  chloride.  The  solutiou 
obtained  is  then  precipitated  by  sodic  sulphide,  as  argentic  sul- 
phide ;  this  is  removed,  washed,  and  then  heated  in  a  mufSe,  by 
which  the  sulphur  is  almost  entirely  got  rid  of;  but  it  has  to  be 
refined  from  the  Inst  portions,  by  fusion  in  plumbago  crucibles 
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in  which  some  iron  ib  placed ;  the  sulphide  of  iron  so  formed  ie 
absorbed  by  throwing  some  bone-ash  upon  the  surface  of  the 
melted  metal,  and  then  skimming  it  off. 

The  third  process,  that  of  amalgamation,  is  practised  in  its 
most  primitive  manner  at  the  Mexican  mines,  imder  the  name  of 
the  Patio  process,  from  the  paved  open  space  in  which  the  chief 
part  of  the  operation  is  carried  on.  It  is  a  plan  of  some  antiquity, 
having  been  devised  in  1557  by  Bartolomd  Medina.  In  Saxony, 
and  also  at  the  Nortli  American  wortdngs  at  Nevada,  machinei? 
is  employed,  and  the  details  of  the  amalgamating  process  conse- 
quently considetably  varied.  But  in  alt  cases,  the  silver  in  the 
ore  is  first  brought  into  the  state  of  argentic  chloride.  At  Mexico, 
where  fuel  is  dear,  while  the  warmth  of  climate  affords  naturally 
a  higher  temperature,  the  couveision  of  the  argentic  sulphide  in 
the  ore  to  chloride,  is  effected  by  simple  contact  of  the  common 
salt  with  the  ore.  But  at  Freiberg  and  Nevada,  the  conversion  is 
much  more  quickly  effected  by  roasting  the  ore  with  the  salt  in 
revarberatory  furnaces.  Again,  at  Mexico,  where  mercury  is 
cheap,  the  argentic  chloride  ia  decomposed  at  once  by  it ;  but  in 
the  other  works  named,  the  chloride  is  first  reduced  into  metallic 
silver  by  means  of  pieces  of  iron,  and  the  silver  itself  directly 
amalgamated  with  mercury  in  order  to  isolate  it  from  the  great 
mass  of  residuary  matter.  The  loss  of  mercury  (always  consider- 
able) is  thus  much  less  in  the  European  than  in  the  Mexican 
process. 

The  details  of  the  Patio  operation  are  aa  follow  :" —^  After 
having  overlooked  all  the  ore,  and  cast  out  all  portions  which 
from  poverty  would  not  he  worth  working,  and  at  the  same  time 
having  set  aside  any  others  which  from  richness  will  answer  for 
direct  smelting,  the  remainder  is  broken  into  moderate-eized 
lumps,  and  then  taken  to  stamping-milla.  These  are  a  series  of 
iron  mortars,  in  each  of  which,  by  an  axis  with  a  cam  upon  it, 
corresponding  to  each  mortar,  a  large  vertical  stamp,  or  pestle,  is 

•  Moch  UeUul  of  this  operation  was  given  to  the  Author  by  Mr. ),  Napipr, 
Jan.,  who  for  ft  time  was  a  pupil  of  bla  berore  going  out  as  Asnajer  U>  the 
AQglo- Mexican  Company. 


Fig.  31. 
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lifted,  and  then  dropped ;  these  stamps,  weighing  about  100  lbs. 

each,  soon  reduce  the  ore  to  a  smaller  size,  and  by  sifting  out  the 

larger  lumps,  and  returning  them  to  these  '  morteros  '  for  a  second 

stamping,  the   whole  is  brought  to  a  fit  size   for  grinding.     A 

stamp  and  mortar  of  this  kind  is  figured  in  the  article  on  Gold. 

It  is  next  removed  to  the  cruahing-mills,  to  be  ground  fine.    These 

mills,  or  '  arrastres,'  are  round 

cisterns  of  about  4  yards  in 

diameter ;    the     bottom     is 

formed  of  pieces  of  porphyry 

of  about  1 8  inches  long,  by  4. 

square,  placed  vertically  one 

against  the  other.    The  rough 

texture  of  this  stone  assists 

in  grinding  the  ore,  but  the 

grinding-stonea  of    the   same 

material  wear  rather  rapidly 

away. 

From  the  centre  of  the  mill  rises  an  upright  shaft,  to  which 
are  attached  two  cross-bars ;  to  these  the  mules  are  hamessed, 
and  the  grinding-stonea  tied.  These  are  of  porphyry,  and  are,  in 
length,  a  little  less  than  the  radius  of  the  mill,  and  about  16 
inches  thick.  By  this  grinding,  which  lasts  about  14  hours,  and 
which  is  carried  on  wet,  the  ore  is  reduced  to  an  impalpable 
povrder,  which  is  removed  from  the  mills  to  a  large  shallow  tank, 
where  it  is  allowed  to  remain  until  the  surplus  water  has  evapo- 
rated, after  which  it  is  removed  into  a  large,  paved  courtyard,  or 
'  patio,'  where  it  is  spread  out  to  the  thickness  of  about  a  foot,  the 
whole  mass  to  be  operated  upon  weighing  about  60  tons.  The 
paving-stones  are  cemented  at  the  joints  to  prevent  loss  of  mer- 
cury. The  patios  are  sometimes  above  an  acre  in  extent,  and 
surrounded  by  a  low  stone  wall.  A  certain  quantity  of  mercury, 
or  of  silver  amalgam,  is  charged  into  the  arrastre  in  order  to  take 
up  any  associated  particles  of  gold  which  may  have  been  in  the 
ore  ;  and  a  solid  amalgam  is  to  be  used  in  preference  to  mercury 
alone,  as  the  latter,  fi'om  its  extreme  fluidity,  is  very  apt  to  pass  into 
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the  interstices  of  the  arrastre  and  be  lost  The  author  remembers 
seeing  put  up  in  London  a  large  mill  for  crushing  gdd  quartz,  in 
which  mercury  was  also  put  for  the  amalgamation ;  but  the  mill 
was  found  useless,  from  the  &ct  of  the  mercury  passing  through 
even  the  comparatively  close  plates  of  the  bottom,  and  thus 
caused  great  loss. 

A  quantity  of  common  salt  is  next  mixed  with  the  ore,  and 
the  greater  the  amount,  the  quicker  the  operation,  but  it  is. 
usually  added,  in  the  proportion  of  from  3  to  5  per  cent  of  the 
weight  of  the  ore,  after  which  the  mass  is  well  trodden  by  mules 
for  a  few  hours,  when  it  is  allowed  to  remain  at  rest  till  the 
following  morning,  or  for  about  24  hours.  Calcined  copper  pyrites 
('  magistral ')  is  then  added,  to  the  extent  of  about  28  lbs.  to  every 
ton  of  ore.  This  magistral  is  obtained  by  exposing  copper  pyrites 
(a  compound  of  cupric  and  ferric  sulphides)  to  the  action  of  atmo- 
spheric air  for  a  month  or  two,  after  having  previously  ground 
and  wetted  it.  Oxidation  commenced,  it  is  removed,  and  roasted 
for  about  8  hours  with  a  small  quantity  of  common  salt,  con- 
stantly stirring  the  charge.  Thus  the  sulphides  are  converted 
into  sulphates,  and  the  result  is  a  compound  containing  on  an 
average  about  30  per  cent  cupric  sulphate  with  9  per  cent  ferric 
sulphate.  Now,  as  in  winter,  the  patio  mixture  acquires  heat 
more  readily  than  in  summer,  so,  at  the  former  season,  less  magis- 
tral is  employed.  The  whole  is  again  well  trodden  as  before  for 
about  an  hour,  so  as  to  ensure  perfect  mixture.  The  mercury  is  next 
added  in  the  proportion  of  from  5  to  6  times  the  presumed  weight 
of  the  silver  contained  in  the  ore.  It  is  effected  in  a  shower,  by 
pressing  the  metal  through  a  sheet.  Incorporation  is  ensured  by 
again  treading  for  5  or  6  hours,  and  again  upon  every  other  day, 
until  the  amalgamation  is  complete,  the  heating  of  the  mass  regu- 
lating the  amount  of  treading.  The  amalgamator  watches  very 
closely  the  progress  of  the  operation,  and,  by  taking  assays  from 
the  heap  every  morning,  he  judges  of  the  state  of  the  amalgama- 
tion by  washing  away  the  earthy  particles  from  the  assay,  and 
examining  the  appearance  of  the  remaining  portion  of  the  amal- 
gam.    For  this  he  employs  a  small  bowl,  or  '  jicara,'  taking  about 
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8  oz.  of  the  material  for  the  purpoee.  The  maae  having  been  well 
trodden,  and  idso  turned  over  by  hand  every  other  daj,  until 
Bmolgam  ia  no  longer  formed,  which  generally  happens  in  from 
36  to  JO  days,  the  operation  is  considered  at  an  end.  The  heap 
is  then  carried  away  to  the  washing  apparatus,  where  the  amalgam 
ie  separated  ^m  earthy  matters,  &c.,  by  waahing ;  a  deep  stone 
TAt  being  employed,  through  which  a  constant  stream  of  water 
.38  flowing.  A  shaft  working  in  this,  and  carrying  some  agitating 
arms,  keeps  the  water  in  constant  motion,  and  consequently  the 
lighter  non-metallio  particles  are  kept  afloat  and  washed  off, 
while  the  amalgam  sinks.  The  furmer  flow  into  a  second  and 
similar  apparatus,  whence  after  a  second  washing  they  are  thrown 
aside.  The  shaft  is  revolved  by  mules,  rapidly  at  first,  but, 
towards  the  end  of  the  operation,  more  slewly,  in  order  to  allow 
the  heavier  amaigauj  to  subside ;  and  eiamination  is  made  from 
time  to  time  to  see  if  this  is  the  case.  The  feet  and  legs  of  the 
mules  employed  in  treading  the  torta  are  also  washed  at  the  tanks, 
to  save  any  stuff  adherent  to  them. 

The  amalgam  itself  is  cleansed,  not  by  washing  alone,  bnt  also 
by  treatment  with  a  little  fresh  mercury;  this,  stirred  with  it, 
separates  impurities,  so  that  they  may  be  washed  off  the  surface, 
when  the  mass  is  wiped  and  put  into  a  strong  conical  straining 
bag,  formed  of  canvas,  sufficiently  strong  to  contain  some  zooo  lbs. 
at  a  time,  the  weigiit  of  tlie  mass  assisting  in  squeezing  out  the 
excess  of  mercur^',  ami  forcing  it  through  the  texture  of  the  bag. 
It  is  further  squeezed  in  the  process  of  forming  it  into  masses  for 
the, distillation  operation.  These  masses  aro  wedge-shaped,  with 
a  hlunt  point,  so  that  six  of  them,  packing  together,  form  a 
circular  disc  with  a  hole  in  the  centre.  Each  wedge  weighs  about 
30  lbs.  A  number  of  these  circular  discs  are  piled  upon  an  iron 
plate,  which  has  a  hole  in  its  centre :  over  this  an  iron  bell,  or 
'  capellina,'  is  dropped,  and  luted  by  its  edge  to  the  plate.  The 
bell  is  massive,  and  about  3  feet  high  by  1  foot  6  inches  in 
diameter. 

A  brick  cylinder  is  next  temporarily  built  a  foot  all  round  the 
hole ;  this  is  filled  with  burning  charcoal,  and  kept  supplied  and 
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heated  for  from  fifteen  to  tweuty-four  houra,  during  which  all  the 
mercury  distils  off,  and,  passing  down  a  pipe  from  the  hole  in  the 
iron  plate,  oondenseB  in  the  water  contained  in  a  cistern  placed 
below.  The  aitrer  is  left  in  a  frosted  and  spongy  state,  and  is 
known  as  'plata  pina.'  It  is  frequently  transmitted  to  this  coun- 
try, and  ftom  many  samples  examined  by  the  author  he  has  found 
quality  to  average  about  994  parts  in  1000.  It  is  therefore  very 
near  to  fine  silver. 

Phillips  gives  the  following  details  of  the  capellina  distilla- 
tion : — Height  of  the  bell,  3  feet ;  diameter,  1 8  inches  ;  thickness, 
I J  inch.  Its  charge  is  about  aooo  lbs,  of  amalgam  at  each  opera- 
tion, which  yields  400  lbs.  of  silver,  and  with  a  consmnption  of 
joo  lbs.  of  charcoal. 

The  rationale  of  the  Patio  operation,  although  very  complex,  is 
in  outline  as  follows  : — The  ore  is  a  compound  of  argentic  sulphide 
and  chloride  ;  by  the  addition  of  sodic  chloride  and  the  copper  ore, 
sodic  sulphate  and  cupreous  chloride  are  produced.  This  latter 
dccomjioses  the  ailver  ore,  and  an  argentic  chloride  and  cuprio 
sulphide  are  the  result.  The  argentic  chloride  is  dissolved  in  the 
excess  of  sodic  chloride,  and  on  the  addition  of  the  mercury  it  is 
decomposed  ;  part  of  the  mercury  combines  with  its  silver  to  form 
the  amalgam,  while  another  portion  is  lost  in  the  operation  by 
being  converted  into  calomel ;  and  again,  some  becomes  so  finely 
divided,  and  with  portions  of  calomel  so  mixed  up  in  the  residues, 
as  to  be  the  cause  of  enormous  waste  in  the  mercury  used. 

Amalgamation  of  richer  ores,  or  those  containing  much  chlo- 
ride, or  native  silver,  is  sometimes  quickly  effected  by  mixing  the 
ground  ore  with  water  into  a  thin  mud,  and  then  heating  them, 
first  ^ith  common  salt,  and  next  with  mercurj'.  The  vessel 
employed  is  built  iirequently  of  stone  at  its  sides,  but  it  is  fur- 
nished with  a  copper  bottom,  which  latter  is  essential  in  the 
decomposition  of  the  ore,  as  it  aids  in  the  decomposition  of  the 
argentic  chloride  (or  iodide  or  bromide)  contained  in  it,  and  brings 
metallic  silver  in  contact  with  the  mercury  employed.  Under  this 
copper  bottom  is  a  fireplace  for  the  combustion  of  the  wood  em- 
ployed to  heat  the  mixture  of  ore  and  water  to  about  the  boiling 
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point.  This  done,  salt  ia  added,  to  the  amount  of  lo  per  cent  of 
the  ore ;  after  which,  stirring  is  kept  up  to  prevent  adhesion  to  the 
bottom,  and  mercury  added  in  successive  portions  as  long  as  it  is 
taken  up  for  the  formation  of  amalgam,  examination  of  this  being 
conatantlf  made,  and  the  addition  stopped  as  soon  as  the  added 
mercury  does  not  thicken,  but  remains  fiuid. 

The  amalgam  ia  now  recovered  and  distilled,  but  the  silver  got 
retains  a  portion  of  copper  with  it.  The  residuary  ore  material 
(now  poor)  ia  nevertheleas  added  to  the  ordinary  tortaa,  iu  order  to 
separate  any  remaining  silver. 

In  order  to  concentrate  these  ores,  and  thus  not  to  have  too 
great  a  body  of  material  for  heating,  they  are  crushed  roughly  and 
washed  upon  an  inclined  plane  ;  but  ores  containing  much  sulphide 
are  difficult  of  concentration  by  such  means,  as  they  reduce  to  so 
fine  a  powder,  and  that  of  so  light  a  character,  as  to  wauh  off  alao, 
and  thus  occasion  loss.  The  ores  worked  by  this  plan  are  chiefly 
those  known  aa  '  Colonidoa,'  found  in  shallow  workings,  aud  hence 
already  more  or  less  air  decomposed. 

The  Saxon  operation  is  a  more  finished  one ;  aud  as  labour, 
and  also  mercury,  are  more  eipensive,  while  water-power  and  fuel 
are  abundant,  machinery  is  tliere  very  profitably  used,  as  also 
quicker  plans  for  amalgamation.  The  ores  worked  are  those  which 
are  found  to  contain  less  than  7  per  cent  of  lead  or  coi>per ;  if 
more  was  present,  it  would  interfere  much  with  the  formation  of 
the  amalgam,  by  combining  with  the  mercury,  and  so  causing 
loss. 

These  Saxon  ores  are  sorted  so  as  to  average,  as  near  as  may 
be,  about  40Z.  silver  per  loolbe.,  and,  in  addition  to  argentic 
sulphide,  contain  also  sulphides  of  iron,  copper,  lead,  bismuth,  and 
sometimes  arsenic,  antimony,  and  zinc. 

About  25  percent  ferric  sulphide  ia  advantageous,  as  sulphur 
is  necessary  to  set  free  chlorine  trom  the  sodic  chloride  about  to  be 
added.  I^  therefore,  this  sulphide  be  in  but  suudl  quantity,  a 
sufficient  quantity  of  it,  in  the  form  of  iron  pyrites,  is  added,  the 
powdered  ore  beiug  mixed  with  the  latter.  Next  about  10  per 
cent  common  salt ;  after  which  the  whole  ia  heated  iu  a  reverbera- 
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tory  fiirn&ce,  at  firat  gently,  with  conatant  turning,  bo  as  to  dry 
it  well,  the  Ore  being  gradually  raised.  When  the  first  fumes  have 
passed  off  from  the  roasting,  the  chlorination  of  the  ore  ia  started 
by  raising  the  he&t  to  a  bright  red,  which  poiut  is  kept  tilt  no 
more  gas  is  disengaged.  The  ore  will  then  be  found  to  have  lost 
about  one-tenth  of  its  weight,  and  the  silver  compounds  to  have  been 
converted  into  chlorides,  with  a  little  metallic  silver.  The  fumes 
evolved  during  roasting  consist  of  sulphurous  acid,  from  some  of  the 
sulphur  oxidised  by  the  air ;  also  arsenioal  and  antimonioua  oxides, 
frxim  these  metals,  when  present  with  the  sulphides  in  the  ore. 

The  associated  ferric  and  cupric  sulphides,  by  roasting,  Ijecome 
sulphates.  The  ferric  sulphate  (with  some  peroxide)  reacts  upon 
the  common  salt,  and  chlorine  and  hydrochlorio  acid  are  set  free, 
which,  in  turn,  react  upon  the  silver  sulphide,  aud  convert  it  into 
argentic  chloride. 

Where,  as  is  sometimes  the  case,  the  ore  contains  more  than 
sufficient  iron  pyrites,  a  slight  preliminary  roasting  is  used  to 
drive  off  the  portion  in  excess  of  that  needed. 

The  mixture  is  then  removed,  and,  when  ground,  is  ready  for 
amalgamation.  This  operation 
is  performed  in  stout  casks,  of 
about  2  ft.  I  o  in.  long  by  3  ft. 
8  in.  diameter.  The  wood,  in 
order  to  stand  the  friction  and 
wear  of  the  iron  to  be  put  into 
them,  is  at  least  3  inches  or  more 
thick ;  they  are  strongly  hooped, 
and  centred  upon  axes  fixed  to 
each  end.  They  have  a  large 
stopper-hole  in  the  usual  place 
in  their  circumference. 
A  series  of  twenty  of  these  ia  arranged  in  a  machine  where  a 
shaft  worked  by  water-power  is  connected  by  a  toothed  wheel,  a, 
with  similar  wheels,  6,  placed  on  one  end  of  each  cask,  by  which 
means  they  can  be  made  to  revolve  upon  their  ases.  By  an 
arrangement  of  hose-pipe  and  funnels,  c  and  d,  the  charge  is 


introduced  to  each  as  follows: — Firet,  about  35  gftll( 
next,  half  a  ton  of  the  ore  mixture  ;  and,  lastly,  : 
iron,  in  pieces  of  i{  inch  square  by  |  thick. 


water ; 
to  1 00  lbs.  of 


F.g.  34- 


The  casks  are  then  stoppered  up,  and  by  the  machine  being 
Bet  in  action,  are  revolved  at  about  fifteen  turns  per  minute  for  an 
hour  and  a  half;  during  which  time  the  iron  acta  upon  the 
argentic  chloride  dissolved  in  the  alkaline  chloride,  and  converts 
it  into  metallic  silver.  The  motion  is  then  stopped,  and  ;;o  lbs. 
of  mercury  put  into  each  barrel,  by  a  tube  from  a  reservoir. 
They  are  then  put  in  motion  again  at  twenty<two  revolutions  per 
minute,  and  rotation  continued  for  nineteen  hours,  stopping  oco»- 
sionally  to  examine  the  state  of  the  amalgam  forming.  The 
temperature  gradually  rises,  and  may  be  somewhat  controlled  by 
the  rate  of  revolution,  a  temperature  of  90°  F.  =  ji°  C,  being  the 
moat  advantageous. 

At  the  end  of  this  time  the  amalgamation  will  generally  be 


^r 
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found  completed.  The  barreh  axe  then  stopped,  and  nearly  filled 
with  water ;  neit  revolTed  slowly  so  as  to  collect  the  amalgam, 
and  thej  are  then  turned  so  that  the  stopper  of  each  is  down- 
wards over  the  discharging  troughs  e,  which  run  throughout  the 
machine,  the  stopper  removed  and  the  contents  allowed  to  flow 
away,  and  mechanical  separation  is  then  efiected  between  the 
actual  amalgam,  portions  of  uncombined  mercury  and  the  muddy 
residue. 

In  the  first  action  in  the  casks  the  iron  decomposes  the 
argentic  chloride,  and  also  other  metallio  chlorides  present.  Any 
metallic  copper  reduced  from  its  chloride  at  once  reduces  silver 
from  its  chloride.  This  silver  is  immediately  taken  by  the  mer- 
cury. The  reason  for  putting  the  mercury  into  the  barrels  after 
some  time  of  revolution,  is,  that  the  silver  may  have  been  reduced, 
and  other  metals  be  iu  such  condition,  as  that  their  chlorides  may 
not  act  on  the  mercury,  with  the  formation  of  calomel,  and  con- 
sequent loss.  This  would  be  especially  the  case,  if  introduced 
before  the  ferric  chloride  has  been  reduced  to  the  state  of  ferrous 
chloride. 

The  amalgam,  which,  in  addition  to  silver,  contains  also  por 
tions  of  other  metals  which  were  in  the  ore,  after  straining  and 
pressure  is  next  submitted  to  distillation,  in  an  apparatus  similar 
to  the  one  shown  in  fig.  35.  It  consists  of  a  series  of  brick  furnaces, 
two  of  which  are  here  given,  the  left-hand  one  closed  as  in  opera- 
tion, the  right  shown  in  section  ;  this  will  be  seen  to  consist  of 
the  following  parts: — First,  at  the  bottom  an  iron  drawer  con- 
taining an  iron  basin,  upon  this  is  placed  a  large  iron  bell,  in 
which  stands  a  strong  tripod,  also  of  iron,  carrying  five  flat  dishes; 
the  casing  round  the  upper  part  of  the  bell,  forming  a  fire- 
chamber,  has  a  door  in  fhint  for  feeding  with  fuel,  as  seen  in  the 
closed  i\imace,  and  an  iron  cover  to  slide  over  the  top  opening. 

Now  in  operating,  the  dishes  are  first  charged  with  about 
60  lbs.  of  amalgam  in  each,  the  basins  are  then  filled  with  water, 
and  the  bells  lowered  down  over  the  dishes ;  next,  the  vacant 
space  between  the  upper  part  of  the  bell  and  the  fiimace  is  filled 
with  turf  and  charcoal,  lighted,  and  the  heat  gradually  got  up  to 
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1  about  seven  or  eight  hours ;  after  which  it  is 
slowly  lowered,  great  care  being  taken  in  this  firing,  for  if  the 
beat  be  too  great,  ailver,  being 
slightly  volatile,  will  be  carried 
away  with  the  mercury  ;  and  if, 
on  the  other  hand,  it  be  not  high 
enough,  Bome  mercury  will  be 
left  with  the  silver  :  but  as  the 
mercury  distilled  off,  as  well  as 
that  filtered  away  at  first,  are 
employed  over  and  over  again,  of 
Gouree  any  retained  silver  is  not 
lost.  The  first  strained  mercury 
retains  about  '5  per  thousand 
parts. 

The  amalgam  contains  c 
mercury,  with  1 1  per  cent  silver,  1 
composed  chiefly  of  copper.  ' 


Fig-  3S. 


I  average  about  84  per  cent  of 
iuiiig  5  per  cent  l>eing 
with  tra<;es  of  till  and  lead.  While 
the  silver  remaining  after  distillation  contains  about  75  per  cent 
pure  silver,  with  25  per  cent  copper  and  other  metals.  Lastly, 
the  earthy  residues  of  the  amalgamating  operations  atfoi'd  small 
quantities  of  amalgam,  which  by  distillation  yields  a  yet  coarser 
silver. 

It  is  said  that  the  apparatus  above  described  does  not  com- 
pletely separate  the  silver  and  mercury ;  and  that  loss  is  often 
occasioned  by  the  cracking  of  the  bells  ;  and  hence,  at  some  work:) 
an  iron  retort  is  formed  by  a  crucible  sJiapcd  body,  upon  nliich  a 
head  is  fiied  so  as  readily  to  remove ;  from  the  side  of  this  head  a 
wide  arm  passes  out  into  an  iron  condensing  tube,  kept  cool  by 
passing  through  a  cistern  of  water,  and  ending  iu  a  square  receiver 
for  the  distilled  mercury.  A  plate  of  iron  is  put  into  the  centre  of 
the  crucible  part  of  the  retort,  the  whole  interior  is  coated  with 
lime,  and  the  charge  of  about  4  cwt  of  amalgam  introduced.  A 
slow  fire  is  got  up,  the  mercury  distils  off,  and  the  silver  adheres 
to  the  iron  plate,  with  which  it  may  be  removed  wheu  the 
operation  is  over. 
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The  poorer  ores  at  Nevada  are  Bot  worked  by  the  barrel  pro- 
oosB,  but  in  amalgamating  pans  upon  the  priociple  of  those  which 
will  be  described  for  gold.  These  silver  ores,  although  poor, 
commonl;  contain  gold  of  value  equal  to  about  half  that  of  the 
silver  present  They  ftre  finit  stamped,  and,  for  the  collection  of 
this  gold,  mercury  ia  put  into  the  stamp  mortjirs,  equal  iit  weif^ht 
to  the  expected  weight  of  gold,  whereby  the  latter  is  obtained  as 
a  hard  amalgam  with  the  mercury,  adhering  to  the  parts  of  the 
stamp  mills,  whence  from  time  to  time  it  is  removed. 

The  finer  parts  of  the  ore  are  next  washed  off ;  the  water  cou- 
biining  them,  aAer  being  allowed  to  deposit,  is  ruu  off  clear,  and 
the  remaining  mud  run  into  tlie  amalgamating  pan.  The  muUera 
are  then  set  in  motion,  so  as  to  complete  the  grindiug  begun  iu 
the  stamping  mill.  The  temperature  is  now  raised  to  zoo°  F. 
=  93°C.,  by  means  of  steam  passed  in.  Next  from  lo  to  i;  per 
cent  of  mercury  is  squeezed  in  a  shower  through  the  testure  of  a 
canvaa  bag.  At  this  time  also  a  little  cupriu  sulphate,  or  some- 
times a  little  sulphuric  acid,  is  also  added  to  assist  in  the  amalga- 
mation. Rotation  is  then  kept  up  for  3  j  hours,  the  temperature 
also  bein)^  kept  as  near  as  possible  at  the  point  named.  Water  is 
then  ruu  in,  so  as  to  flow  off  the  pulp  into  a  separator,  where  the 
earthy  matters  are  washed  off  the  amalgam.  A  ceitaiu  portion  of 
pyrites  also  remains  with  this.  The  amalgam  is  then  strained,  and 
ilie  excess  mercury  separated  as  much  as  possible  before  distilla- 
tion. This  latter  is  effected  in  a  retort  very  much  resembling  oue 
of  the  Lanaberg  mercury  retorts  iu  all  its  details,  for  the  retort  is 
of  cast-iron  and  about  3  feet  long  by  1  foot  diameter;  but  the 
outlet  pipe  passing  from  its  back  is  surroimded  by  a  condensing 
tube  of  cold  water,  before  passing  into  the  receiving  vessel.  This  is 
for  the  more  effectual  conden^tion  of  the  mercurial  vapour.  The 
amalgam  is  introduced  into  the  retorts  iu  iron  trays ;  these  are 
covered  with  a  lute,  either  of  very  thin  clay  or  of  lime,  to  prevent 
adhesion  of  the  silver  remaining  on  them. 

Phillips  saya  that  the  '  best  results  obtained  by  the  pan  process 
rarely  amount  to  75  per  cent  of  the  assay  value  of  the  ore;  the 
average  will  scarcely  exceed  65  per  cent.'     'The  tailings  from  the 


pan  proceM,  alter  having  been  exposed  to  the  atmosphere  for  a  few 
months,  maj  sometimes  be  again  advantageously  worked  over,  thus 
increasing  the  total  produce  to  about  S;  per  cent ;  hut  it  is  only 
under  favourable  oircumstances  that  this  can  be  done.' 

The  operations  practised  for  the  preparation  of  comnieroially 
'fine  silver'  are  varied,  dependent  upou  the  quantity  of  course 


Fig.  36. 


silver  to  be  operated  on.  Thus,  in  the  refinery,  where  very  large 
quantities  are  worked,  the  operation  of  cupelling  the  silver  (or 
silver  lead)  is  much  practised  ;  or  where  the  fine  silver  ia  to  be 
obtained  as  a  residue  from  what  are  called  puling  operations,  ns 
in  the  refining  of  gold,  a  preoipitation  of  the  silver  from  an  acid 
solution  is  effected  by  means  of  copper ;  but  where,  on  the  other 
hand,  small  quantities  are  operated  upon,  as  iu  the  laboratory,  it 
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is  iisiial  to  form  a  chloride  of  the  silver,  and  then  to  reduce  the 
latter, — siich  practice  being  found  to  afford  a  certain  means  of 
separating  some  asBociated  metals,  and  hence  to  afford  a  finer 
product  than  can  be  obtained  by  the  larger  processes  of  the 
refinery,  although  it  is  by  no  means  uncommon  to  meet  with 
silver  obtained  by  cupellation  very  nearly,  if  not  quite,  pure. 

The  process  for  the  cupellation  of  silver  on  the  large  scale  is 
performed  in  a  reverberatory  furnace,  constructed  with  especial 
regard  to  the  nature  of  this  operation,  but  varying  in  form  iu 
different  countries  where  it  is  employed. 

The  ordinary  English  furnace  is  represented  in  elevation  in 
fig.  36,  and  in  plan  in  tig,  37.  A  is  the  fireplace,  usually  of  about 
2  feet  square ;  at  the  bock  of  this  ia  the  bridge,  ^i  beyond  which 
the  cupel,  c,  is  fixed.  This  last  is  a  large  dish-sha.ped  vessel 
formed  of  some  porous  material,  usually  bone-ash,  thus  affording  a 
texture  which  admits  of  the  absorption  of  some  small  portions  of 
the  fluid  ojide  of  lead  formed  during  tlie  operation.  The  quantity 
absorbed  by  the  cupel,  however,  bears  but  a  very  inconsiderable 
proportion  to  the  amount  formed  in  these  large  operations,  which 
is  almost  all  of  it  blown  off  the  surface.  The  object  desired  by 
the  use  of  bone-ash  is  not  absorption,  but  the  employmeut  of  a 
material  which  will  admit  of  long  contact  with  the  molten  litharge 
without  suffering  any  corrosion  or  softening.  The  cupel  or  test  is 
made  in  a  foundation  formed  of  a  ring  of  iron  (fig.  38),  of  from 
4  to  6  inches  deep,  and  full  half  an  inch  thick.  This  ia  further 
strengthened  fay  strong  iron  cross-bars,  which  also  maintain  its 
shape.  It  is  oval,  and  varies  from  1  feet  by  1  foot  6,  up  to  4  feet 
by  3  in  dimensions.  Into  this  mould  the  ash  is  put.  The  mix- 
ture used  is  chiefly  coarsely-ground  bone-ash,  to  which  a  small 
quantity  of  wood-ashes  is  added.  These  are  wetted  with  water 
containing  a  small  quantity  of  pearlash  ;  and  the  requisite  quantity 
is  packed  firmly  in  the  ring  and  beaten  down  with  wooden  ram- 
mers, a  centre  cavity  being  formed,  partly  by  beating  and  partly 
by  shaping  with  a  trowel,  so  that  the  material  is  not  alxive  1  inch 
thick  in  the  centre  ;  a  broad  rim  is  formed  all  round  the  edge  of 
about  3  inches  in  width,  increased,  however,  in  the  froirt  or  breast 
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to  8  or  9  inches ;  at  the  front  or  circular  edge  of  which  the  holes 
(6,  fig.  39)  are  bored  for  the  flowing  off  of  the  litharge.  When 
working,  a  channel  or  gate  (a,  fig.  39)  is  cut  from  the  bed  to  the 
first  hole ;  hut  aa  the  lithai^,  in 
flowing  off  through  this  channel, 
gradually  weara  it  away,  so  that  the 
molten  silver-lead  would  run  out 
also,  the  refiner,  when  this  is  the 
case,  stops  up  this  passage,  and  cuts 
a  new  one  in  the  breast  to  the  se- 
cond hole,  and  again  a  third  or  more 
if  necessary. 

Fig.  40  is  a  section  of  a  cupel 
through  one  of  the  litharge-boles 
and  the  gate  leading  to  it. 

The  cupels  so  made  are  allowed 
to  stand   some  weeks  in  the  warm 
abnosphere  of  the  fumace-room  to 
dry  gradually ;  when  required  for  use  on 
in  the  furnace  by  the  under  opening,  as  a 

36),  and  then  aeourely  filed  in  its  place  by  an  iron  wedge,  shown 
on  each  side.  This  uuder  chamber  is  left  thus  open  for  this  pur- 
pose, and  also  to  admit  of  the  carriage  for  the  reception  of  the 
litharge,  and  afterwards  of  the  cupel  contents  being  delivered  into 
it  It  is  mounted  on  wheels,  so  as  readily  to  draw  out  and  in  for 
the  purpose. 

When  the  cupel  has  thus  been  wedged  up  to  its  proper  position 
for  the  right  action  of  the  flame,  and  also  of  the  blast  upon  it,  a 
slow  fire  is  lighted  and  gradually  raised,  lest  the  too  sudden 
heating  should  crack  it ;  but  much  depends,  in  this  respect,  upon 
the  cupels  not  being  used  green  and  unseasoned,  but  well  con- 
sohdated  and  freed  from  moisture  by  the  slow,  gradual  drying 
before  stated.     They  are  then  said  to  be  '  ripe.' 

Now  the  rationale  of  the  operation  to  be  performed  in  this 
apparatus  is  the  conversion  into  oxides  of  all  oxidizable  metals 
associated  with  the  noble  metal  silver,  under  the  influence  of  a 
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is  slid  into  its  position 
a  the  elevation  (fig. 
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current  of  air  passed  over  the  Burface  of  the  bath  of  melted  metala, 
henoe  the  reason  for  the  shallow  make  of  the  cupel  itself.  For 
this  is  the  property  which  characterises  the  noble  metals,  viz.,  that, 
when  heated  to  fusion  and  exposed  to  a  current  of  air,  no  oxidation 
of  them  takes  places ;  while,  on  the  other  hand,  any  alloy  of  base 
metals  will  be  thus  perfectly  oxidiised,  and  may  consequently  by 
proper  management  be  thus  effectually  separated.  The  lead  being 
first  oxidized,  then  gives  up  again  some  of  its  oxygen  to  metals, 
such  as  copper  and  the  like,  which  are  less  readily  acted  upon 
directly;  the  lead  so  set  &ee  being  reoxidized  by  the  blast. 

Refined  silver,  by  cupellation,  is  then  usually  obtained  from 
rich  aigentiferous  lead,  some  lead  being  so  called  from  its  con- 
taining silver  in  very  large  proportions  (no  lead  Ijeing  absolutely 
free  from  silver),  and  the  operation  is  thus  carried  on : — At  the 
side  of  the  cupelling  furnace,  and  over  a  separate  fire,  is  set  a 
cast-iron  pot  e  (figs.  36  and  37)  ;  into  this  some  of  the  silver  toad  is 
put  and  fused  ;  the  cupel  having  been  already  sufficiently  heated, 
a  quantity  of  the  fused  metal  is  ladled  into  it  by  a  sboot  shown  as 
leading  from  the  pot  to  the  oupel.  The  fire  in  the  reverberatory 
itself  is  made  to  traverse  the  sur&oe  of  the  metal,  its  draught 
being  effected  by  the  flue  d  into  which  the  products  of  combustion 
pass.  Volatile  ntatters  and  fumes  are  further  carried  off  by  the  se- 
parate flue  k.  The  silver  lead  being  in,  the  heat  of  the  cupel  is  next 
raised,  and  aft«r  the  first  drossing  of  the  surface,  the  oxide  ^ises, 
and  the  surface  of  the  bath  becomes  clear,  or,  as  it  is  said,  unco- 
vered. A  large  pair  of  bellows  or  a  fan-blowing  apparatus  is  then 
set  to  work,  its  blast  being  conducted  upon  the  cupel  at  a  point,/, 
just  on  the  opposite  side  to  the  breast-hole  already  spoken  of. 
This  blast  keeps  up  the  oxidation  of  the  lead,  as  by  circulation 
fresh  and  fresh  portions  rise  to  the  surface  ;  while  at  the  same 
time  it  serves  to  blow  off  the  litharge  by  the  breast-hole,  whence 
it  is  collected  for  subsequent  reduction  again  to  the  metallio  state. 
The  progress  of  the  operation  can  be  examined  occasionally  by 
sliding  open  the  doors  shown  in  the  elevation.  Lead  is  from  time 
to  time  added  as  the  quantity  working  diminishes.  Thus  the 
level  of  the  surface  with  regard  to  the  blast  is  kept  uniform. 
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It  is  thus  added  until  in  one  of  the  larger  clasa  of  cupels,  some 
14  to  15  toD8  of  rich  lead  have  been  introduced.  The  under  part 
of  the  cupel  is  Ihen  bored,  and  the  rich  metal  allowed  to  run  out 
into  an  iron  pot  wheeled  below  for  this  purpose,  the  bole  ao  made 
being  again  stopped  with  fresh  ash,  when  a  new  charge  is  to  be 
introduced.  Ultimately  when  Beveral  of  these  operations  have 
been  performed,  and  thus  a  number  of  cakes  collected,  they  are 
«U  added  together,  and  a  final  cupellation  carried  on,  the  first 
operations  being  for  the  concentiution  of  the  silver  in  the  lead, 
and  bence  this  is  drawn  off  as  described  ;  the  final  cupellation  of 
the  cakes  being  for  the  purpose  of  entirely  getting  rid  of  the  lead 
by  oiidation,  and  thus  leaving  a  cake  of  pure  silver  only.  The 
general  principle,  objects,  and  results  of  the  operation  being  much 
the  same  in  the  miniature  cupellation  for  assaying'  purposes,  it  will 
be  again  alluded  to  and  further  described. 

From  numerous  examinations  of  the  quality  of  the  tine  silver 
BO  obtained,  the  author  finds  that  the  average  fineness  is  about 
998  parts  in  the  thousand  ;  and  frequently,  where  the  operation 
has  been  carried  ou  with  more  than  ordinary  care,  the  quality  will 
''^'^  999'S  PB'Tts  in  a  thousand,  and  rising  at  times  to  nearly  or 
even  quite  fine  silver. 

The  second  operation  upon  the  rich  lead  lasts  about  twenty 
hours,  and  requires  much  attention  as  to  blast  and  general  man- 
agement of  the  cupellation.  It  is  always  made  thus  a  sepnrate 
operation,  in  order  to  avoid  loss  of  silver  ;  for  as  the  metal  en- 
riches, the  portions  of  litharge  last  separated  arc  correspondingly 
rich  in  silver ;  the  proportion  of  silver  thus  blown  off  varies,  being 
influenced  by  the  temperature  at  which  the  work  is  carried  ou, 
and  also  by  the  force  of  the  blast ;  consequently,  such  portions 
found  in  this  second  operation  are  reserved  for  the  separation  of 
tliis  retained  silver. 

Cupellation  is  the  final  operation  by  which  all  the  silver  ob- 
tained in  Great  Britain  from  lead  or  its  ores  is  ultimately  sepa- 
rated ;  and  if  such  lead  be  rich  may  at  once  be  resorted  to  ;  but  if, 
on  the  other  hand,  the  lead  be  poor,  then  some  concentrating  pro- 
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cesa  is  firat  employed,  such,  for  example,  as  the  one  kuowu  as 
PattinsoD'a  process,  which  will  be  detailed  in  the  section  upon 
Lead. 

The  cupellation  process  on  the  Continent  is  carried  out  in  cir- 
cular hearths,  heated  on  the  reverberatotj  principle.  They  are 
formed  of  brick,  and  the  bed  or  cupel  is  a  lajer  of  marl  or  some 
clayey  material  mixed  with  wood  ashes.  A  kind  of  test  is  thus 
formed  by  beating  them  finnly  into  shape  upon  a  brick  bed.  It 
lasts,  however,  but  one  operation,  and  is  then  broken  up  for  smelt- 
ing, in  order  to  recover  the  litharge  with  some  silver  retained  in  it 
The  hearth  is  covered  during  the  operation  by  a  dome  made  in 
iron,  but  lined  with  fire  lute.  This  dome  is  suspended  so  as  to  be 
readily  removable. 

Propertie*  of  Silver. — Its  colour  is  a  perfectly  pure  white,  and 
with  much  lustre,  which  is  exhibited  also  when  the  metal  is  in 
fusioo.  ^Vben  finely  divided  as  when  obtained  by  precipitation,  it 
has  the  appearance  of  a  metallic,  sandy  powder,  of  a  greyish 
colour,  and  such  powder  may  be  partially  welded  by  cold  ham- 
mering. Such  silver  is  often  orystalline,  macle  crystals  of  cubes 
and  dendritic  forma  being  frequent.  Silver  after  fusion  may  also 
be  artificially  crystallized  in  cubes.  It  is  a  very  ductile  and 
malleable  metal,  one  grain  may  be  drawn  into  400  ft.  of  wire, 
and  it  may  also  be  hammered  into  leaf  as  thin  as  oooooi  of  an 

Silver  fuses  at  1873°  F.  =  ioi2°7  C,  and  during  fusion 
absorbs  oxygen,  of  which  gas  it  will  take  up  about  22  times  its 
own  volume,  but  at  the  moment  of  solidification  it  expands  cou- 
Biderably,  and  at  the  same  time  parts  with  the  mechanically 
mixed  oxygen.  This  latter  taking  place  after  au  extenml  crust 
has  formed  over  the  liquid  metal,  will  often  burst  the  crust,  and 
throw  out  jets  of  the  yet  fluid  metal,  produciog  the  phenomenon 
of  spitting,  or  vegetation,  as  it  is  called.  This  may  be  prevented 
by  sprinkling  charcoal-powder  on  the  melted  metal,  which  will 
then  quietly  withdraw  the  gas  ;  and  it  is  said  that  ■  to  2  per  cent 
of  copper  with  the  silver  will  also  prevent  it.     Matthieaen  attri- 
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butes  the  absorption  of  oxygen  to  the  fonuation  of  oji  actual 
chemical  compotmd  of  silver  and  oij-gen,  capable  of  exiating  at 
high  tempeistures,  but  decomposing  on  cooling  and  eolidifying. 
And  this  opinion  appears  probable  from  the  fact  that  silver  must 
be  kept  a  considerable  time  in  fusion,  in  order  that  any  great 
amount  of  oxygen  should  be  thus  taken  up.  If  silver  be  exposed 
to  a  very  high  temperature  while  in  the  state  of  fusion,  it  volatilizes 
very  considerably. 

Silver  is  not  acted  upon  by  oxygen,  hence  the  tarnish  of  silver  . 
does  not  depend  upon  oxidization ;  it  is  the  result  of  its  strong 
affinity  for  sulphnr,:  thus  the  smallest  quantity  of  sulphuretted 
hydrogen  in  the  air  will  immediately  be  detected  by  silver.  This 
blackened  surface  may  be  readily  cleansed  by  plunging  the  silver 
into  a  solution  of  potassic  mangauate,  also  by  washing  with  a 
solution  of  potosaio  cyanide.  What  is  called  'oxidized  silver' 
(used  for  ornaments)  is  really  nothing  of  the  kind,  but  ia  silver 
whose  surface  has  been  superficially  tarnished  by  sulphur.  The 
articles  to  be  '  oxidized '  are  boiled  in  a  solution  of  potassic  sul- 
phide, a  portion  of  which  is  decomposed,  its  sulphur  combining 
with  the  surface  silver.  Hydrochloric  acid  only  acta  upon  silver 
when  the  finely  divided  metal  is  boiled  iu  it,  and  even  then  hut 
slightly.  Sulphuric  acid  only  by  boiling  the  metal  in  it  when 
sulphurous  acid  is  evoivcd,  and  argentic  sulphate  formed.  But 
nitric  acid,  especially  if  slightly  diluttjd,  dissolves  it  very  rapidly, 
forming  argentic  nitrate.  Dihydric  sulphide  acts  upon  it  even 
cold.  If  a  piece  of  silver  be  put  in  this,  it  is  decomposed,  and 
argentic  sulphide  formed  upon  the  surface. 

The   specific   gravity   of  silver  ranges   from  10'43    to    I0';3  . 
according  to  its  state;  viz.  whether  simply  fused  or  hammered, 
the  latter  operation  of  course  condensing  it.     Its  atomic  weight  is 
ta8,  and  its  symbol  Ag. 

Compound*  of  Silver. — Oxides.  A  suboxide  or  orgentoua  oxide 
was  first  obtained  by  Mr.  Faraday,  who  formed  an  ammoniacal 
solution  of  the  protoxide,  and  exposed  this  to  the  air ;  thus  a 
.black  film  appears  upon  the  surface,  which  by  examination  waa 
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found  to  be  composed  of  two  proportionals  of  silver,  united  with 
one  of  oiygen.  Wohler  obtains  it  by  passing  a  current  of  hy- 
drogen gaa  over  argentic  citrate  preriously  heated  to  312°  F. 
The  compound  fonned  is  disBolved  in  water  (in  which,  however,  it 
is  not  readily  soluble),  and  to  this  solution  potaih  is  added,  which 
throwa  down  the  suboxide.  But  it  is  by  either  method  a  very 
tmstable  compound. 

The  protoxide,  or  argentic  oxide,  is  the  more  important  one, 
as  forming  the  base  of  ordinary  silver  salts.  This  is  obtained  as  a 
greyish  brown  powder,  on  adding  caustic  potass,  or  baryta  water, 
to  a  solution  of  argentic  nitrate.  This  powder  is  removed,  washed, 
and  dried.  Gregory  forms  it  by  boiling  freshly  precipitated,  and 
still  moist  argentic  chloride  in  caustic  potaaa.  Argentic  oxide  will 
not  be  precipitated  by  ammonia,  and  if  we  digest  the  oxide  pre- 
cipitated by  potass  in  ammonia,  we  get  a  very  explosive  compound 
formed,  viz.  fulminating  silver. 

Argentic  oxide  is  alightly  soluble  in  cold  water,  giving  an 
alkaline  solution,  and  it  is  readily  soluble  in  acids  forming  silver 
salts.  It  is  decomposed  by  exposure  to  heat  somewhat  below  red- 
ness, and  it  is  said  also  that  solar  light  will  decompose  it  Its 
composition  is  AggO  ;  atomic  weight,  zji. 

Peroxide  of  silver  has  been  obtained  by  Ritt«r  by  electrolysing 
a  solution  of  argentic  nitrate.  It  was  thus  deposited  in  black 
acicular  crystals  at  the  positive  pole. 

Chlon'dts. — A  aubchloride,  argentous  chloride,  is  said  to  be 
formed  by  exposing  ordinary  argentic  chloride  to  light,  or  by  ex- 
posing silver-leaf  to  the  action  of  ferric  chloride,  thus  a  black 
chloride  ia  formed  ;  but  its  nature  ia  not  well  ascertained. 

The  ordinary  argentic  chloride  (found  native  as  horn  silver)  is 
prepared  by  adding  hydrochloric  acid,  or  a  chloride  to  any  soluble 
salt  of  silver.  In  this  way  we  get  a  curdy  precipitate  formed, 
which  is  perfectly  insoluble  in  water,  nitric  acid,  or  dilute  acids. 
It  ia  dissolved  by  strong  hot  hydrochloric  acid,  also  by  digestion 
in  alkaline  hyposulphites,  or  chlorides,  or  in  ammonia.  From  the 
latter  it  is  readily  re  precipitated  by  even  comparatively  weali  acid, 
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aa  kcetic ;  while  from  its  hydrochloric  acid  solution  the  addition 
of  water  BufGces  to  throw  it  down.  But  it  is  precipitated  from 
the  latter  also,  by  slow  cooling  in  small  octohedral  crystala.  Simi- 
lar oiystals  are  also  obtained  when  we  expose  an  ammoniacal  solu- 
tion of  argentic  chloride  to  the  air,  for  the  ammonia  ia  evolved 
gradually,  with  formation  at  the  same  time  of  these  crystals. 

If  a  solution  of  ai^ntio  chloride  in  ammonia  be  boiled,  fill- 
minating  silver  will  be  formed.  Argentic  chloride  is  readily  fiisible, 
forming  a  reddish  liquid,  which  is  somewhat  volatile ;  on  cooling 
it  becomes  a  homy  mass.  If  fused  with  potama,  soda,  or  their 
carbonates,  it  ia  decomposed  into  silver,  and  chloride  of  the  alkali, 
oxygen  gas,  and  water  being  evolved.  It  fuses  somewhat  under 
500°  F.,  or  160°  C. 

If  heated  on  charcoal  before  the  blowpipe,  it  yields  silver,  and 
emits  an  odour  of  hydrochloric  acid.  On  adding  a  little  sulphuric 
or  hydrochloric  acid  to  moist  argentic  chloride,  and  then  immers- 
ing a  portion  of  any  easily  oxidized  metal  in  it,  the  chloride  will 
be  reduced,  the  reduoing  metal  being  at  the  same  time  dissolved. 

Argentic  chloride  blackens  in  the  light,  and  very  rapidly  in 
the  direct  rays  of  the  sun.  If  such  light-altered  chloride  be 
treated  with  ammonia,  it  will  be  dissolved,  but  leave  a  small 
quantity  of  a  black  powder,  the  eubchloride  above  described,  but 
said  by  some  chemists  to  be  metallic  silver.  Composition,  Ag  CI ; 
atomic  weight,  143'$. 

Argentic  iodide,  and  also  bromide,  are  found  native^  but  both 
may  be  formed  artificially,  for  the  first  potassic  iodide,  and  for  the 
second  potassic  bromide,  is  added  to  a  soluble  salt  of  silver.  Both 
are  of  a  yellow  colour,  the  iodide  being  insoluble  in  ammonia ; 
one  or  other  of  these  salts  forms  the  basis  of  most  photographic 
operations. 

Argentic  sulphide  is  the  common  ore.  It  may  be  formed  by 
heating  plates  of  silver  with  sulphur.  In  the  moist  way  it  ia  pre- 
cipitated by  adding  dihydric  sulphide,  or  ammonio-hydric  sulphide, 
to  a  solution  of  a  silver  salt.  It  falls  in  dark  brown  flakes  which 
become  black  upon  drying,  Upon  heating  it  in  the  air,  it  is  re- 
solved into  sulphurous  acid  and  silver.     Fused  with  iron  it  yields 
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ferrous  sulphide  snd  silver,  or  with  lead,  plumbic  sulphide,  aud  an 
alloy  of  lead  and  silver.  If  f^ised  alone  it  yields  &  dark-grey  crya. 
talline  mass  on  cooling.    CompoBition,  Ag^  S  ;   atomic  weight,  148. 

The  more  important  salts  of  silver  are  the  nitrate,  sulphate, 
and  carbonate.  The  nitrate  forms  the  lunar  caustic  of  the  sur- 
geon, and  is  obtained  by  dissolving  silver  in  nitric  acid.  If  heat 
be  used,  the  solution  is  somewhat  rt^pid,  and  attended  with  copiona 
evolution  of  nitrous  gas ;  upon  cooling  the  salt  will  be  deposited 
in  large  tabular  crystals  belonging  to  the  right  prismatic  system. 
These  are  to  be  again  dissolved  in  distilled  water,  and  recrystal- 
Uzed.  Copper,  if  coutaiued  in  the  aiLver,  will  impart  a  slight  green 
tint  to  the  solution  in  acid,  and  any  gold  will  remain  undissolved 
in  the  form  of  a  brown  powder.  If  we  have  to  prepare  it  &om 
impure  silver,  the  best  method  of  proceeding  is  to  dissolve  the 
metal  in  nitric  acid  diluted  with  not  less  than  three  times  its  bulk 
of  water.  The  solution  is  next  to  be  poured  off  undissolved  gold, 
which  is  almost  sure  to  be  present  in  greater  or  less-  amount. 
Hydrochloric  acid  is  next  added  in  eicess  so  as  to  precipitate  all 
the  silver  as  chloride ;  this  is  to  be  separated  and  well  washed, 
and  then  boiled  with  potash  ley  ;  by  this  means  it  is  converted 
into  ai^ntic  oxide,  which  when  washed  may  at  once  be  dissolved 
in  nitric  acid,  and  crystalUzed. 

In  commerce  this  salt  is  often  fraudulently  adulterated  with 
plumbic,  potassic,  or  even  with  sodic  nitrates. 

Ai^ntic  nitrate  is  soluble  in  an  equal  weight  of  cold,  and  in 
about  half  its  weight  of  boiling  water.  The  crystals  fuse  readUy, 
and  solidtiy  into  a  white  fibrous  mass ;  thus  it  is  commonly  cast 
iuto  small  aticks  or  cokes.  It  does  not  blacken  by  light  unless  or- 
ganic matter  be  present ;  so  in  marking  inks,  of  which  it  forms  the 
basis,  the  blackening  of  the  writing  is  assisted  by  this  action  of  the 
organic  matter  of  the  linen. 

If  fused  in  iron  vessels  it  is  decomposed,  eveu  if  no  water  is 
present ;  and  copper  will  reduce  silver  from  the  dry  salt  at  ordinary 
temperatures,  by  exposing  the  two  to  air.  From  its  solution  the 
silver  is  readily  reduced  either  by  copper  or  mercury.  Its  com- 
position is  Ag,  N  0} ;  atomic  weight,  ■  70. 
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Argentic  sulphate  may  be  formed  by  boiling  precipitated  ailver 
or  silver  filings,  in  aulphiiric  acid,  or  by  adding  eodic  sulphate  to  a 
boiling  solution  of  argeatio  nitrate.  The  salt  crystallizes  in  small 
white  shioiug  ciystals,  which  belong  to  the  right  prismatio  system. 
They  are  rather  insoluble,  requiring  87  parts  of  water  for  solution. 
This  salt  is  often  found  as  an  insoluble  residue  on  dissolving  the 
nitrate  where  the  latter  has  been  prepared  with  impure  nitric  acid, 
that  is,  with  acid  containing  traces  of  sulphuria  Composition, 
Agy  S  O4  ;  atomic  weight,  3 1 2. 

Ai^ntic  carbonate  is  thrown  down  as  a  white  powder  on  add- 
ing potassic  carbonate  to  argentic  nitrate  solution  ;  it  blackens  by 
light,  and  is  readily  decomposed  by  heating. 

Anudgams. — Mercury  and  silver  when  brought  together  unite 
readily,  but  complete  union  of  mixtures  of  the  two,  if  attempted 
cold,  only  takes  place  after  some  weeks  of  contact,  and  the  mer- 
cury must  be  largely  in  ezoess.  Therefore,  the  best  method  of 
forming  them  consists  in  gently  heating  the  mercury,  and  then 
adding  silver  in  a  pulverulent  form,  or  as  filings.  If  in  this  way 
8  parts  of  mercury  be  mixed  with  one  of  silver,  we  get  a  crystal- 
line soft  amalgam,  which  crackles  between  the  fingers ;  the  struc- 
ture of  the  crystal  is  prismatic,  and  it  is  very  white.  Indeed,  an 
amalgam,  which  is  at  first  smooth  and  pasty,  will,  by  keeping, 
become  crackling  and  crystalUije.  This  is,  in  fact,  very  ueariy 
the  composition  of  the  amalgam  formed  in  the  Saxon  omaigam^it- 
ing  work,  Kersten's  analysis  of  which  shows  an  average  of  S4.  parts 
of  mercury  to  11  parts  of  silver.  Heated  to  redness,  these  amal- 
gams give  off  the  merouiy,  but  silver  may  retain  traces  of  mercury 
even  after  such  heating.  Native  amalgams  have  been  found, 
wherein  the  mercury  and  silver  are  united  in  atomic  proportions. 
Three  such  have  been  described  of  the  following  proportions :  1  st. 
One  proportional  of  mercury  to  six  of  silver,  md.  Two  propor- 
tionals of  mercury  to  one  of  silver.  3rd.  Three  proportionals  of 
mercury  to  one  of  silver. 

The  description  of  the  preparation  of  pure  silver  has  been  pur- 
posely deferred  until  now,  in  order  that  the  above  silver  com 
pounds  should  be  described  previously.     To  prepare  it  in  the  wet 
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way  coarse  silver  is  dissolved  in  nitric  acid  somewhat  dilute  ;  when 
all  ia  digaolved  but  associated  gold,  a  further  quantity  of  hot  water 
is  added,  and  the  whole  allowed  to  stand  until  the  gold  has  com- 
pletely subsided;  the  argentic  nitrate  solution  is  then  to  be 
syphoned  or  poured  off  carefully,  and  an  excess  of  common  salt 
added  so  as  to  precipitate  all  the  silver  as  chloride.  After  subai- 
dcnoe,  the  acid  liquid  is  decanted,  and  the  chloride  well  washed 
with  repeated  quantities  of  hot  distilled  water,  until  the  latter 
is  free  from  acid.  The  chloride  is  then  acidulated  with  hydro- 
chloric acid,  added  in  the  proportion  of  about  one  pint^  to  each  ten 
pounds  of  chloride.  Into  this  mud  a  number  of  plates  of  clean 
wrought-iron  are  put.  A  copious  evolution  of  hyidrogen  is  at  once 
set  up  at  the  surface  of  the  iron,  and  the  solution  of  the  latter 
commencing  the  ai^ntio  chloride  adjacent  to  the  slips  is  reduced, 
and  this  reduotioij  will  spread  from  each  slip  of  iron  throughout 
the  whole,  which  will  thus  become  a  spongy  mass  of  silver.  The 
silver  should  not  be  disturbed  lill  all  is  reduced,  or  portions  at 
chloride  are  apt  to  escape  reduction.  When  all  traces  of  chloride 
are  gone,  the  iron  undissolved  ia  carefully  removed,  the  mixture  of 
ferrous  and  ferric  chloride  solution  poured  off,  and  the  whole  mass 
covered  with  a  quantity  of  hot  water,  to  which  about  one-tenth  its 
bulk  of  pure  hydrochloric  acid  is  added.  After  standing  a  few 
minutes,  this  is  poured  off  and  renewed  ;  and  after  the  decanting 
of  the  secoad  portion  pure  hot  water  is  added ;  and,  lastly,  the 
whole  is  washed,  as  quickly  as  possible,  with  repeated  quantities  of 
hot  water,  until  the  washings  will  not  render  a  dilute  solution  of 
potassic  ferrooyanide  in  the  smallest  degree  blue.  The  silver  is 
then  squeezed  by  the  hands,  and  dried  in  a  porcelain  basin.  If 
this  process  be  carefully  carried  out,  it  will  give  a  product  aa  fine 
aa  9997  parta  in  looo,  that  is  to  say,  containing  only  ts^s^ 
of  admixture,  which  latter  is  due  to  traces  of  iron. 

A  sheet  of  copper  placed  in  a  solution  of  argentic  nitrate  will 
also  precipitate  it  in  a  crystalline  form,  and  tolerably  pure ;  the 
product  should  be  cleansed  by  digestiou  in  liquid  ammonia,  pre- 
vious to  melting  it,  but  this  operation  will  not  give  so  pure  a 
product  as  the  one  just  detailed. 
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But  perfectly  pure  ailver  can  be  prepared  only  in  comparatively 
Bmall  quantities,  and  by  fusioa  of  pure  chloride  with  reducing 
agents.  Thus  the  chloride  roay  be  mixed  with  one  to  two  parts  of 
dry  iodic  carbonate.  This  was  the  old  method,  but  there  is 
during  decompoeition  a  copious  evolution  of  carbonic  acid,  which 
by  swelling  the  mass  in  the  crucible,  is  very  apt  to  occasion  loss  ; 
and  again,  the  fused  chloride  and  alkaline  carbonate  are  sure  to  be 
absorbed  by  the  substance  of  the  crucible.  Hence,  F.  B.  Miller 
adviaea  filling  the  pores  of  a  crucible  with  a  hot  saturated  solution 
of  borax.  When  dry,  such  an  one  was  filled  by  him  with  argentic 
chloride  and  submitted  to  a  high  &mace  temperature  for  i^ 
minutes,  and  no  absorption  was  found  to  have  oocurred.  The 
cake  weighed  the  same  after  as  before  the  operation.  The  use 
of  chalk,  as  an  infusible  carbonate,  was  advised  by  Guy  Lussftc. 
The  late  Dr.  Miller  thus  employed  a  mixture  of  loo  parts  of 
argentic  chloride,  70*4  of  calcic  carbonate,  and  4a  of  charcoal ; 
this  is  heated  to  dull  redness,  and  kept  so  for  half-an-hour,  after 
which  on  raising  it  to  a  fiiU  red,  carbonic  acid  and  carbonic  oxide 
are  evolved,  the  calcic  carbonate  is  converted  into  calcic  oxy- 
chloride ;  and  below  this  slag  is  found  a  mass  of  pure  silver. 

But  Miller  also  first  carefully  prepared  his  argentic  chloride  by 
dissolving  any  ordinary  silver  in  nitric  acid  and  then  precipitating 
ai^gentic  chloride  by  sodic  chloride  in  excess.  The  precipitate  was 
well  washed,  and  then  acidified  by  sulphuric  acid,  and  reduced  by 
dnc.  Deoomposition  being  complete  the  reduced  silver  is  next 
digested  with  dilute  aulphurio  acid,  in  order  to  remove  any  basic 
salts  of  zinc.  Next  washed  with  water,  redissolved  in  nitric  acid 
and  precipitated  by  pure  hydrochloric  acid.  Then  the  argentic 
chloride  so  obtained  reduced  as  before  described  by  calcic  car- 
bonate. Some  specimens  given  to  the  author  by  Miller  were 
examined,  and  found  to  be  perfectly  pure. 

Qmelin  gives  a  very  good  diy  reducing  process  devised  by 
Mohr,  wherein  the  latter  advises  resin  as  the  reducing  agent.  A 
mixture  is  made  in  the  proportion  of  three  parts  of  dry  argentic 
chloride  to  one  of  powdered  reein.  This  is  packed  in  a  crucible  so 
as  to  half  fill  it.    A  gentle  heat  iB>  fint  appUed  ;  by  this  the  rosin 
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inflameB,  burning  with  a  green  flame ;  the  heat  is  then  raised  to 
the  melting  point  of  the  ailver,  the  pot  opened  and  a  little  borax 
added ;  on  removing  the  pot,  it  should  be  gently  tapped  on  the 
bottom,  80  as  to  accelerate  the  union  of  the  aUver  into  a  maaa, 
which  will  take  place  under  a  layer  of  charcoal,  which  latter  will 
be  quite  free  from  ailver. 

The  ailver  obtained  by  either  of  the  above  operationa  only 
requires  further  to  be  melted,  in  order  to  get  rid  of  some  adherent 
impurities,  and  obtain  it  in  convenient  form.  These  objects  are 
effected  by  simple  fusion  with  appropriate  fluxea,  and  a  slight 
digresaiou  may  here  be  made  to  describe  their  action  and  nature 
generally.  The  term  flui  ia  derived  from  'fiw),'  I  flow,  and  is 
applied  to  a  class  of  bodies  used  in  metallurgic  operations,  either 
to  flssist  or  induce  the  fusion  of  a  metal,  or  else  when  melted  to 
cause  the  globuleu  to  run  together  from  their  diffusion  throughout 
a  heterogeneous  mass  of  foreign  matters  by  the  cleansing  effect  of 
the  flux  on  their  suri'ace  ;  and  they  may  also  effect  this  latter 
purpose  in  a  secondary  way,  by  taking  up  matters  with  which  the 
metal  was  combined,  whereby  ita  isolation  ia  brought  about.  As, 
fur  example,  when  we  fuse  gold  quartz  with  sodic  carbonate.  The 
quartz  or  silica  acts  as  an  acid  to  the  aoda  salt  and  combines  with 
it,  setting  free  its  carbonic  acid,  and  at  the  same  time  separating 
it  completely  from  the  gold  which  it  held  mechanically. 

Again,  a  class  of  olGces  may  be  performed  by  them  more  in 
the  way  of  reagents  than  truly  as  fluxes.  For  example,  they 
may  decompose  a  body  into  which  a  metallic  oxide  enters,  and 
so  setting  free  the  oside  bring  the  latter  within  the  reducing 
agency  of  charcoal.  Thus  some  metallic  silicates  may  be  reduced 
readily. 

The  following  may  be  enumerated  as  the  fluxes  of  most  com- 
mon application,  and  their  uses  may  be  thus  defined:  — 

ist  Borai.  This  ia  of  almost  universal  application.  The  salt 
ia  best  fused  so  ae  to  drive  off  ita  water  of  crystallization,  and  the 
glassy  mass  obtained  is  to  be  powdered.  It  forma  fuaible  com- 
pounds with  silica  and  bases.  At  high  temperatures  it  combines 
with  metallic  oxides,  while  at  lower  it  will  take  up  foreign  mat- 


SILVER.  183 

tera  generally  so  as  to  set  the  metal  free  and  so  cleansed  upon  its 
surface  aa  to  rui)  readily  together  to  form  a  button. 

id.  Sodic  Carbonate.  This  is  to  be  preferred  to  potaseio  car- 
bonate, from  the  former  not  being  deliquescent  This  should  be 
fiised.  It  deoomposea  silicat^B,  as  already  instanced,  and  easier 
when  charcoal  is  present  It  forms  fusible  compoimds  with  metal- 
lic oxides,  and  decomposes  some  chlorides,  as  argentic  chloride,  for 
example. 

3d,  Potassic  Nitrate,  when  used  as  a  flux,  and  heated,  loses 
oxygen  and  becomes  nitrite.  Its  action  is  energetic  from  the 
quantity  of  oxygen  it  contains,  and  this  action  is  increased  where 
silica  is  present.  Thus  it  is  used  to  purify  noble  metals  as  an 
oiidator  to  metallic  impurities. 

4th.  Common  Salt,  or  Sodic  Chloride,  powdered  and  heated 
(to  prevent  it«  decrepitation),  is  often  added  to  a  body  which 
induces  much  ebullition,  bo  as  to  check  the  latter  and  protect  the 
substance  operated  on  from  the  action  of  the  air. 

5tb.  Black  flux  is  an  intimate  mixture  of  potassic  carbonate  and 
charcoal,  formed  by  burning  3  parts  of  argol  ( crude-potass ic  bilar- 
trate),  and  1  of  nitrate  together.  It  forms  a  good  reducing  agent, 
and  assists  in  the  fusion  of  substances.  The  uses  of  argol  are  the 
same  as  that  of  black  flux.  These  are  more  especially  useful  in 
the  smaller  operations  of  the  experimental  laboratory. 

6th.  Silica,  lime,  and  alumina,  are  employed ;  the  former  in 
order  to  withdraw  certain  bases  by  forming  fusible  silicates  with 
them ;  the  two  latter  to  assist  in  the  fusion  of  those  silicates  which 
by  themselves  would  not  be  easy  of  fusion.  Indeed,  the  two  latter 
bodies  are  generally  applicable,  as  all  simple  silicates  are  very  dif- 
ficult of  fusion. 

7th.  Plumbic,  Cupric,  and  Ferric  Oxides.  Of  these  the  former 
is  the  chief.  ■  It  is  much  used  in  operations  upon  silverores,  where 
we  desire  to  form  an  alloy  of  the  silver  contained  in  the  ore,  with 
lead  derived  from  this  added  oxide.  Hence  we  employ  the  first, 
or  litharge,  ai^  where  the  ore  does  not  contain  enough  of  sulphur, 
or  other  reducing  matter,  to  set  sufficient  lead  free,  we  add  some 
reducing  agent,  as  argol,  to  efi'ect  this.     Then,  on  the  other  hand, 
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as  it  is  advisable  not  to  have  too  laige  a  mass  of  silver  lead  to 
cupel  aubsequentlj,  we  are  at  times  obliged  to  add  to  such  a  mix- 
tiireofore  and  litharge  a  certain  quantitjr  of  nitre  (potasaio  nitrate), 
which  latter  counteracts  to  sufficient  extent  the  reducing  agency 
of  the  ore  itself,  by  reoxidiziog  some  of  the  lead  reduced  during 
the  operation.  The  use  of  the  two  latter  oxides  is  very  limited. 
The  lato  Mr,  R.  Warington  proposed  to  apply  that  of  copper  to 
gold  eontaiuing  metals  which  render  the  latter  brittle,  the  cupnc 
oxide  itt  reduced  and  aSbrds  oxygen  to  the  metal  to  be  separated, 
while  the  reduced  copper  alloys  the  gold  to  a  oorresponding  extent. 
Ferric  oxide  is  used  as  a  flux  for  silica,  but  its  application  ia  very 
limited. 

To  these  chemical  Suies  we  may  add  one  much  employed  as  a 
mechanical  one,  namely,  bone-aah.  This,  by  its  absorbent  quality, 
is  very  useful  to  suck  up  other  fluxes  from  the  surface  of  a  fused 
mass  of  metal,  and  for  this  purpose  it  is  customary  to  cover  the 
metal  with  it,  and  skim  it  off  just  before  casting  the  ingot  It 
acta  just  as  a  aponge. 

Having  stated  thus  much  with  regard  to  fluxes,  the  use  of  such 
as  are  applicable  to  the  melting  of  a  quantity  of  silver  obtiuned 
by  the  wet  method  of  reduction  just  described,   may  be  now 


Aa  the  impurity  -  likely  to  lower  the  standard  of  this  silver 
would  be  derived  from  the  iron  chlorides,  the  flux  to  be  first  em- 
ployed would  be  potassio  nitrate,  which,  by  its  oxidiiing  efliect, 
would  oxidize  the  last  traces  of  iron.  Therefore  about  5  per  cent 
of  nitre  ia  employed  Secondly,  some  borax  ia  added,  which  will, 
at  the  high  temperature  uaed,  dissolve  the  ferric  oxide.  And, 
lastly,  a  covering  of  bone-ash,  used  juat  before  pouring,  will  absorb 
the  fused  borax,  and  with  it  the  ferric  oxide,  leaving  the  silver 
clean. 

In  all  melting  operations  the  heat  should  he  of  such  amount  as 
to  render  the  metal  thoroughly  fluid,  and  allow  of  good  circulation 
in  the  fused  mass ;  and  if  thia  be  true  of  pure  metals,  it  is  especially 
BO  where  any  alloy  ia  to  he  diffused  uniformly  through  the  bulk 
melted. 


The  testa  for  the  praaence  of  siWer  are  the  following  : — 

ist  If  to  a  aolutioQ  auppoead  to  contain  ailver  only,  we  add 
dihydric  sulphide,  or  aome  ammonio-hydrio  aulphide,  ve  get  a  black 
precipitate  of  auLphide,  insoluble  in  dilute  acids,  alkalia,  or  potaaaic 
cjranide  ;  but  boiling  sulphuric  acid  wilt  dissolve  it,  and  at  the 
some  time  separate  its  aulpbur. 

2nd.  Potash  or  ammonia  precipitates  a  brown  oilde,  insoluble 
in  potaaaa,  but  soluble  in  ammonia  ;  and  this  solution,  ou  exposure 
to  air,  will  deposit  fulminating  ailver. 

Ammonia  aolta  prevent  thia  reaction. 

3rd.  Hydroohlorio  acid,  or  chlorides,  precipitate  white  argentic 
chloride ;  even  when  i  part  of  ailver  is  dissolved  in  zoa,ooo  times 
its  weight  of  water,  we  get  opalescence.  Light  changes  this  pre- 
cipitate to  a  violet  black,  and,  as  already  stated,  it  is  an  unde- 
tennined  question  whether  the  decomposition  ao  effected  bj  light 
is  due  to  the  formation  of  a  eubohloride,  or  to  the  separation  of 
silver  in  a  finely -divided  state.  A  trace  of  mercnrous  chloriife  in 
this  precipitate  will  prevent  the  diaooloration. 

The  precipitate  is  soluble  in  aounonia,  from  which  solution  it  is 
reprecipitated  by  acids.  It  is  insoluble  in  nitric  acid.  By  beat  it 
fuses  to  a  homy  mass. 

4th.  Silver  compounds,  when  heated  on  charcoal  with  sodic 
carbonate  before  the  blowpipe,  and  in  the  inner  fiame,  give  a  clean 
and  bright  bead  of  metallic  silver.  The  charcoal  has  sometimes  a 
small  deep  red  inoruatation  on  it. 

The  estimation  quantitatively  of  silver  is  effected  in  two  ways. 
Firet,  by  the  usual  wet  operations  of  the  laboratoiy,  and,  secondly, 
by  peculiar  operations,  termed  assaying  operations. 

The  chemical  estimation  of  silver  ia  always  effected  by  precipi- 
tating the  metal  aa  chloride,  and  subsequently  aeparating  and 
weighing  the  latter.  The  solution  containing  the  ailver  ia  first 
acidified  by  nitric  acid,  then  a  alight  excess  of  hydrochloric  acid, 
or  sodic  chloride  added,  after  which  the  whole  is  boiled,  to  prevent 
any  argentic  chloride  passing  through  the  filter.  Any  considerable 
osceaa  of  either  of  these  precipitanta  must  be  avoided,  as  argentic 
chloride  ia  soluble  to  a  small  extent  in  either  one. 
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It  is  next  filtered,  in  a  previously  well  dried  and  weighed  filter. 
The  supernatant  fluid  being  first  passed  through,  and  the  chloride 
then  washed  in  with  a  little  hot  acidulated  water  (acidulated  with 
nitric  acid).  It  ia  then  repeatedly  washed,  firet  with  the  same, 
then  with  pure  water, 

The  filter  is  then  dried  again,  with  its  contents,  in  a  water- 
bath,  until  it  ceases  to  lose  weight,  and,  lastly,  weighed  carefully, 
the  weight  minus  that  of  the  filter  will  now  be  that  of  the  chloride. 
This  may  be  done  without  ignition,  for  there  are  two  sources  of 
error  arising  from  ignition  j  first,  some  silver  will  very  likely  be 
reduced  from  the  chloride  by  the  carbonaceous  matter  of  the  filter ; 
and,  secondly,  argentic  chloride  is  itself  volatile  to  some  extent. 
Therefore  the  error  is,  perhaps,  least  in  weighing  the  filter  carefully 
before  and  after  the  filtration,  having  previously  dried  it  perfectly 
each  time,  and  used  a  filter  as  small  as  practicable,  as  above  de- 
tailed. If,  on  the  ether  hand,  the  chloride  be  fused,  it  is  best  to 
remove  as  much  as  possible  to  a  porcelain  crucible,  and  then  bum 
the  filter,  subsequently  igniting  the  whole,  until  incipient  fusion, 
and  weighing. 

It  is  well  also  after  adding  the  aeh  to  the  crucible,  to  put  in  a 
few  drops  of  dilute  nitric  acid,  and  warm  it  up  bo  as  to  convert  any 
reduced  metal  into  nitrate.  A  few  drops  of  hydrochloric  is  then 
added,  and  next  the  crucible  heated  to  dry  all,  and  then  to  incipient 
fusion,  before  weighing. 

If  the  quantity  of  chloride  operated  upon  be  lai^,  it  may  be 
washed  by  decantation,  the  precipitation  being  effected  in  a  flask 
or  stoppered  bottle,  the  fluid  being  heated  in  it  to  about  1 50' 
F,=6s°-5  C,  the  precipitant  is  added,  and  the  whole  vigorously 
shaken,  so  as  to  break  up  the  chloride ;  the  clear  fluid  is  then 
poured  off,  and  washing  effected  by  repeated  quantities  of  distilled 
water,  at  first  cont^ning  a  little  nitric  acid,  aud  at  last  with  pure 
water.  In  effecting  this,  the  chloride,  after  first  settling,  is  to  be 
transferred  to  a  small  crucible,  and  in  the  latter  the  washing  above 
mentioned  is  performed  ;  the  vessel  being  gently  heated  before 
each  decantation.  When  thoroughly  washed,  the  chloride  is  to  he 
dried  very  carefully,  and  subsequently  heated,  until  the  little  cake 
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just  adheres  together ;  and  iu  this  way  it  may  be  even  handled 
nith  a  pair  of  tongs,  and  weighed,  the  great  thing  in  effecting  this 
condensation  being  a  few  careful  tape  upon  the  bottom  of  the  cru- 
cible at  the  removal  of  the  last  portions  of  washing  water. 

In  analysing  amalgams  of  silver  and  mercury,  or  separating 
tbem,  the  silver  not  being  volatile,  it  suffices  to  heat  to  redness  in 
a  porcelain  crucible  ;  the  mercury  is  then  driven  off,  and  estimated 
by  the  loss  of  weight  found.  But  a  more  accurate  method  con- 
sists  in  making  a  solution  of  the  metals,  and  then  boiling  it  freely 
with  a  little  nitric  acid,  so  as  to  ensure  the  peroiidation  of  the 
mercury.  Next  add  hydrochloric  acid,  until  all  the  silver  is 
thrown  down  ;  this,  then  separated,  washed,  and  weighed,  with  the 
precautions  already  detailed,  gives  the  amount  of  silver.  If  the 
mercury  had  not  previously  been  completely  perozidized,  some  of 
it  remaining  as  mercurous  oxide  would  go  down  as  calomel  with 
the  argentic  chloride.  In  this  operation  enough  hydrochloric  acid 
must  be  used  to  ensure  also  the  conversion  of  all  the  mercuric 
nitrate  into  chloride ;  for  Wackenroder  finds  that  argentic  chloride 
is  somewhat  soluble  in  mercuric  nitrate.  Therefore  to  the  solu- 
tion (rather  dilute)  and  acidulated  with  nitric  acid  the  hydrochloric 
acid  is  added  as  long  as  any  precipitate  falls.  This  is  allowed  to 
deposit,  and  then  filtered  ;  next  heated  with  a  little  nitric  acid  to 
free  It  from  any  basic  mercurial  salts.  Water  is  then  put  on  it 
and  a  few  drops  of  hydrochloric  acid.  Aft«r  which  the  argentic 
chloride  is  filtered  and  weighed.  The  mercury  is  then  estimated 
by  adding  dihydric  sulphide  to  the  liquid  filtered  from  the  argentic 
chloride  ;  this  will  precipitate  the  mercury  as  sulphide.  Separate 
this,  and  mix  it  in  a  flask,  with  about  an  ounce  of  pure,  slightly 
dilute  hydrochloric  acid.  Now,  on  passing  a  stream  of  chlorine 
gas  into  this,  mercnric  chloride  will  be  formed.  This  is  separated 
from  precipitated  sulphur,  boiled  to  expel  the  excess  of  chlorine, 
and  then  the  mercury  precipitated  for  weighing,  by  the  addition 
of  stannous  chloride.     See  page  146. 

As  for  commercial  purposes  the  above  analytical  operations 
would  he  tedious,  especially  where  many  estimations  of  silver  were 
required,  a  class  of  operations  come  into  use,  known  as  assaying. 
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In  these  the  precious  metal  alone  is  separated,  other  consdtueiits 
of  the  ore  or  alloj'  being  dieregarded.  The  details  and  practice  of 
the  operation  differ  widely  according  as  to  whether  it  is  performed 
upoQ  an  ore  or  upon  an  alloj  ;  but,  in  both  cases,  the  concluding 
steps  of  the  operation  are  the  same,  and  resolve  themeelTee  into  a 
cupellation  of  the  metal  for  a  final  separation  of  the  silver  con- 
tained in  the  ore  or  alloy.  Hence,  in  regard  to  ores,  the  first 
operation  consists  in  forming  an  alloy  of  the  silver  with  lead,  this 
lead  being  furnished  by  a  body  used  in  the  way  cf  a  flux,  viz.  by 
litharge. 

Now,  as  it  is  best  to  have  no  more  metcJ  for  the  subsequent 
oupel  operation  than  is  absolutely  neoessary,  the  fluxing  with 
litharge  is  an  operation  requirii^  much  care,  as  the  ore  itself  is 
apt  to  vary  very  much  in  its  effect  upon  the  htharge,  and  bo 
render  different  and  opposite  modes  of  treatment  neoessary.  For 
example,  most  ores  contain  sulphur,  or  other  bodies,  vhich  have  a 
strong  affinity  for  uiygen  ;  hence  such  would  very  readily  reduce 
the  litharge.  Therefore,  in  order  to  prevent  this  taking  place  to 
too  great  an  extent,  it  is  found  necessary  to  add  also  an  oxidising 
flux,  as  nitre,  to  counteract  in  sufficient  degree  the  reducing  power 
of  the  ore.  Then,  on  the  other  h&nd,  the  ore  may  naturally  be  of 
an  oxidizing  character ;  in  which  case  not  only  will  no  oxidising 
flux  be  required,  but,  on  the  contrary,  a  reducing  one,  snch  as 
argol,  must  be  need  ;  while,  lastly,  the  ore  may  chance  to  possess 
just  the  reducing  power  requisite  to  act  sufficiently  upon  the 
litharge,  and  no  more ;  in  which  case  the  lithaige  alone  is 
employed. 

From  all  this  it  will  be  seen  that  the  first  step  required  in  the 
assay  of  a  silver  ore  is  one  whereby  we  may  leam  its  nature  in  the 
above  respect  For  this  purpose  Mitchell  advises  a  preliminaiy 
assay  upon  about  lo  grains  of  ore,  which  is  to  be  powdered,  and 
mixed  intimately  with  500  of  litharge.  This  mixture  is  put  into 
&  small  crucible,  capable  of  containing  about  double  the  bulk  ;  the 
crucible  is  heated  very  gently  at  first,  but,  after  a  time,  ths  heat 
is  to  be  quickly  raised  to  a  full  red,  so  as  to  complete  the  opera- 
tion as  speedily  as  possible.     When  cool,  the  pot  is  broken,  and 


ihe  button  remored  and  weighed.  It  may  be  that  but  httle  lead 
has  been  reduced,  perhaps  not  more  than  half  the  we^bt  of  the 
<«e  used.  In  eucb  a  case  an  actual  away  would  be  made  of  the 
following  mixture  :  aoo  grains  of  ore,  zoo  of  sodic  carbonate,  looo 
of  litharge,  and  t  j  grains  of  a^ol,  for  the  purpose  of  assisting  ths 
reduction  of  the  lead.  Secondly,  If  the  trial  button  sbould  weigh 
.  about  double  the  weigjit  of  ore  employed,  then  the  same  mixture 
would  be  used,  except  as  regards  the  a^ol,  which  must  be  omitted, 
and  about  50  grains  of  nitre  used  in  its  place.  Thirdly,  If  ths 
thai  button  weighed  about  the  same  as  the  ore,  then  litharge 
^one  would  be  employed,  without  either  reducing  at  oxidising 
flux. 

The  mixture  being  intimately  made,  as  above,  ie  to  be  put  into 
a  proper-sized  crucible  ;  and  it  may  be  here  observed,  that,  in  all 
caaes  where  nitre  is  employed,  either  in  assaying  or  melting  ope- 
rations, a  rety  capacious  crucible  should  be  taken,  as  oonsiderable 
action  is  always  set  up.  The  mixture  is  next  covered  with  a  layer 
of  aalt,  and,  lastly,  with  about  200  grains  of  powdered  borax.  The 
crucible  ie  put  into  the  furnace,  and  the  gentle  heat  at  fiist  used, 
raised  until  the  fluxes  are  well  liquid  ;  at  which  point  the  assay 
will  generally  be  found  completed.  The  pot  is  then  removed 
and,  when  cool,  broken,  the  button  hammered  so  as  to  separate 
all  tbe  flux,  and  reserved  for  subsequent  cupellation. 

There  is  another  operation,  applicable  in  all  cases,  and  espo- 
daily  in  such  as  the  eatimation  of  precious  metal,  either  gold  or 
silver,  in  the  sweep  of  the  workshop,  where  portions  of  solder 
containing  tin,  as  also  considerable  quantities  of  foreign  matters, 
are  associated  with  the  metals  to  be  estimated.  It  consists  in 
heating  the  specimen  under  examination  with  a  quantity  of 
granulated  lead  in  a  shallow  clay  vessel,  or  scorifier,  as  here 
figured ;  this  is  so  placed  in  a  mufSe  (E, 
fig.  p.  191)  as  that  a  current  of  atmo-' 
spheric  air  may  pass  over  the  surface  of  the 
vessel  and  oxidise  portions  of  the  lead. 
This  oxide  of  lead  then  forms  a  menstruum 
for  the  Buspensioa  of  foreign  matten,  and  Fig.  41. 
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combines  nith  silica  as  a  fueible  slag ;  while  the  portion  kept  un- 
oxidized  will  retain  the  gold  or  silver  sought  for  in  the  sample. 

The  operatiou  ia  carried  od  as  follows  : — A  quantity  of  about 
50  grains  of  the  sample  is  weighed  and  powdered ;  this  will  be 
about  the  quantity  workable  in  one  scorifier,  but  it  is  advisable 
to  work  this,  as  alt  assays,  double  :  hence  two  scorifiers  are  pre- 
pared. A  quantity  of  grauulated  lead  is  next  taken,  and  the 
amount  required  may  range  from  twelve  to  thirty  times  the  weight 
of  the  ore  or  sweep.  The  quantity  required  will  be  large  if  much 
tin  or  Einc  be  present,  or  if  (as  in  the  case  of  an  ore)  it  contain  a 
large  proportion  of  lime-salts.  Half  this  amount  of  lead  is  first  put 
into  each  scorifier,  and  upon  it  the  50  grains  of  the  specimen  pre- 
viously mixed  with  jo  of  borax.  The  whole  is  then  mixed  and 
covered  with  the  remaining  half  of  lead.  The  scorifiera  are  then 
placed  iu  a  heated  mufQe,  and  the  opening  closed  up  for  a  quarter 
of  an  hour,  so  as  to  fuse  the  lead.  The  heat  is  then  allowed  to 
fall,  the  door  of  the  muffle  opened  as  in  carrying  on  a  cupellation, 
and  the  roasting  of  the  mass  commenced.  A  slag  will  form  first 
at  the  edges  of  the  bath,  and  increase  over  the  surface  ;  but  as  the 
lead  oxidizes  it  becomes  quite  fluid.  The  whole  should  be  now 
occasionally  stirred,  so  as  to  keep  all  parts  mixed.  The  heat  is 
then  raised,  whereby  the  whole  is  rendered  liquid.  This  may  be 
judged  of  by  the  facility  with  which  it  runs  off  an  iron  stirrer 
which  is  crooked  at  the  end  so  as  conveniently  to  be  dipped  into 
the  bath.  Thus,  under  the  influence  of  the  borax,  the  metalUc 
particles  are  so  cleansed,  as  to  run  well  together,  the  borax  assist- 
ing also  in  the  formation  of  a  liquid  slag  from  the  first.  The  assay 
being  in  this  limpid  state  at  the  end  of  the  operation  (which  will 
be  completed  at  the  end  of  half-an-hour  to  three-quarters),  the 
scorifier  is  removed,  and  its  contents  poured  quickly  into  an 
hemispherical  iron  ingot  mould.  Thus  a  button  id  obtained, 
consisting  of  a  greenish  slag  at  the  top,  covering  a  buttou  of 
metal ;  these  are  to  be  separat«d  by  a  blow  of  the  hammer,  and 
the  metal  again  reserved  for  cupellation,  and  parting  for  gold. 

If  the  operation  baa  been  weU  performed,  this  button  will  be 
tolerably  malleable,  and  the  slag  quite  free  from  any  beads  of  metal. 
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If  these  be  not  so,  the  aasay  is  not  trustworthy.  The  working  may 
be  divided  into  three  stages,  aomelj,  of  a.bout  a  quarter  of  an 
hour  for  the  first  fusion  ;  next,  twenty  minutes  for  the  roasting  and 
oxidatiou  ;  and  lastly,  ten  mtmites  for  the  final  fusion  of  the  whole. 

The  operation  of  cupellatioD,  or,  aa  it  is  often  called,  the  dry 
method  of  assaying,  is  applicable  to  all  alloys  of  silver,  as  coin,  &0. 
It  is  a  process  of  great  antiquity  and  beauty,  and  takes  its  name 
from  the  little  vessel,  or  cupel,  wherein  it  is  performed.  It  ia 
baaed  upon  the  property  which  characterises  the  precious  metala, 
TIE.,  that  nhen  heated  to  fusion,  and  exposed  to  a  current  of  air, 
not  the  least  oxidation  takes  place,  while  such  treatment  of  base 
metals  constituting  alloy,  under  certain  conditioos,  perfectly 
oxidiiee  them.  So  that,  by  this  means  alone,  we  are  able  to  get 
rid  of  the  alloy  aaeociated  with  a  precious  metal. 

These  cupels  are  small  blocks  of  bone<ash,  with  a  concavity,  or 
cup,  formed  upon  the  upper  surface.  For  their 
maau&cture,  bonea,  which  consist  of  a  mixture  of 
animal  and  earthy  matter,  are  burned.  In  this 
way  the  former  is  decomposed  and  separated ;  the 
latter,  consisting  chiefly  of  calcic  phosphate,  mixed 
with  a  small  portion  of  calcic  carbonate,  remaina.  This  ia  well 
washed  and  dri'^d. 

The  cupels  are  made  by  moistening  a  quantity  of  this  ash  with 
water  just  to  dampness.  The  best  method  of  effecting 
this  consists  in  heaping  up  acme  five  or  six  pounds  of 
ash  in  a  small  tub  or  tray ;  a  hole  ia  then  made  in 
the  centre,  at  the  top  of  the  heap,  Just  lai^e  enough 
to  contain  sufficient  water,  which  is  poured  into  it, 
and  the  hole  then  covered  up  with  a^.  The  whAle 
is  allowed  to  stand  for  ii  to  i8  hours,  when  the  ash 
will  have  absorbed  all,  and  become  in  just  a  fit  state 
for  working,  appearing  as  a  damp  powder.  Into  a 
steel  mould  (i),  having  a  taper  hole  turned  in  it  of 
the  external  diameter  of  the  cupel,  a  quantity  of  this 
moist  ash  is  pressed.  A  collar  of  gun-metal  (i)  is  ' 
then  placed  round  the  mould,  in  which  a  former  (3),         ^ +J- 


Fig.  41. 
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also  made  of  Bt«el,  and  having  a  well-poIiBhed  convex  end,  is  put. 
Both  the  mould  and  former  should  be  of  well-hardened  flteeL 
The  stamp  or  fanner  is  then  struok  two  or  three  blows  with  a 
baminer  of  some  5  lbs.  weight  The  mould  is  then  eeparated 
again,  and  the  cupel  knocked  out  by  a  gentle  tap  on  its  under 
Bide.*  A  well-made  cnpel  should  be  perfectly  smooth  in  the 
basin ;  for  it,  the  uh  employed  should  not  be  too  fine,  or  the  ab- 
BOiption  is  not  good,  and  the  nssays  are  apt  to  stick  veiy  tightly 
to  it ;  while  it  should  not,  on  the  other  hand,  be  too  coarse,  or 
there  will  be  loss  of  the  metal.  Then  the  cupel,  when  well  dried, 
should  not  orack  on  heating,  especially  in  the  basin  ;  but  if  the 
method  for  making  them  here  detailed  be  followed,  such  cupels  will 
dry  quite  solid,  altbough  porous  in  texture ;  and  when  Bessoned 
will  heat  without  cracking  in  the  least  The  term  seasoned  is 
nsed,  as  it  is  better  if  possible  to  keep  cupels  at  least  three  or 


four  months  before  using  them. 


In  these  cupels  the  silver  iB 
fosed  with  a  quantity  of  lead,  and 
in  a  ftimace  of  a  construction 
which  admits  of  free  circulation  of 
air  above  tbe  heated  cupels,  with 
(at  the  same  time)  the  most  com- 
plete arrangements  for  r^ulating 
these  oxidizing  currents,  as  to 
quantity,  intensity,  and  direction. 
Such  a  furnace  is  called  a  cupel 
or  mufQe  furnace,  from  the  cham- 
ber m  which  the  former  an 
placed  in  workmg 

It  IS  best  formed  in  stout 
wrought  iron,  lined  with  fire- 
brick It  IS  oblong,  with  the 
long  diameter  frvm  back  to  front, 


*  They  are,  at  times,  made  by  a  Bcrew  press,  bat  a  good  hand-made 
capel  is  to  be  preferred,  etpedall;  for  silver. 
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find  may  be  built  internally  as  large  as  about  13  inches  wide, 
by  I  foot  ;  from  back  to  front,  and  1  feet  7  high.  At  the  lower 
part  is  formed  an  aab-pit,  A,  which  with  its  brick  bottom  occupie* 
9  inches  of  the  height.  Nest  an  inch  is  taken  up  by  the  fire-WB, 
B,  which  ai«  of  that  depth,  and  formed  with  Bhoulders  which  rest 
on  bearing  bare  placed  back  and  front :  these  shoulders  ore  flatted 
out,  so  as  to  keep  the  bars  }  inch  apart  at  their  top  sides  for  air 
spaces.'  Dpon  these  bars,  and  standing  on  inch  legs,  is  placed  a 
plate  of  iron,  C,  J  inch  thick  and  15  inches  long  by  8  wide ;  next 
upon  this  is  a  bed  of  fire-clay,  of  J  inch  in  thickness,  and  by  the 
latter  ihe  muffle  itself  is  fixed  to  the  iron  muffle-plate,  so  as  to 
form  a  compact  mass.  The  floor  of  a  full-eized  muffle,  E,  is  jost 
of  the  dimensions  of  the  plate  above  described,  and  it  is  7  inches 
high.  Then  above  the  muffle  is  a  clear  space,  F,  of  i  foot  in  height, 
and  this,  with  the  spaces  left  round  the 
muffle  arrangement,  down  to  the  bars, 
form  the  fire-chamber.  Thus  it  will  be 
seen  that  the  muffle-floor  is  heated  by 
conduction  through  the  mass  of  mate- 
rial, for  the  fuel  should  not  be  at  all 
under  ihe  muffle,  but  only  at  itaside  s 
and  above  it. 

The  front  of  the  furnace  should  be 
provided  with  five  openings,  arranged 
tbaa: — One  in  front  of  the  ash-pit 
dosed  by  two  sliding  doors.  A,  whereby 
the  draught  may  be  oontrolled.  Next 
one  on  each  side  of  the  muffle  and  at 
the  ends  <^  the  tire-bars,  B  B ;  these 
are  made  only  just  of  a  size  to  with- 
draw a  bar  on  each  side,  and  so  admit 
of  the  fViel  being  dropped  down  into 
the  ash-pit  Thirdly,  a  door,  C,  of  the 
shape  and  size  exactly  corresponding  to 
the  neck  of  the  muffle;  this  should 
slide  down  in  grooves  on  the  side,  and 


Fig.  45- 
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ahould  also  fit  as  tightly  ae  poBsible,  being  notwithetandtng  very 
free  to  slide  up  and  down.  And  in  order  to  ensure  its  closing 
quickly  Rnd  perfectly  the  iron  ahould  be  nearly  if  not  quite  a 
quarter  of  an  inch  think,  the  face  of  the  furnace  mouth  also  being 
strengthened  with  similar  thick  metal,  in  order  to  prevent  its 
twisting  and  so  preventing  quick  and  close  shutting  up. 

In  front  of  this  muffle-door  is  built  out  a  gallery  (H,  fig.  44)  ; 
this  serves  to  contain  the  mouth  coal  hereafter  spoken  of  as- 
employed  during  the  working  of  the  assays. 

Lastly,  an  opening,  D,  is  formed  above  the  muffle  for  feeding 
the  furnace,  and  the  door  for  this  is  provided  with  a  bar  to  latch 
it  to,  while  by  sliding  upon  an  inclined  wedge-shaped  ear  on  each 
side,  as  shown  in  fig.  44,  it  admits  of  air  entering ;  and  so  by  this 
we  are  capable  of  much  modifying  the  dratight  of  the  furnace. 
The  whole  arrangement  ia  surmounted  by  a  taper  hood,  which 
terminates  in  a  chimney ;  this  hood  also  having  a  damper  in  it, 
which  when  put  in  will  close  the  opening  to  the  chimney  com- 
pletely. The  furnaces  erected  by  Mr.  Field,  lately  the  Queen's 
aasayer  at  the  Mint,  are  of  this  description. 

The  metal  employed  for  constructing  them  should  be  good 
charcoal  plate  of  about  one-eighth  of  an  inch  thick,  and  the  sides, 
back,  and  front,  riveted  to  'angle-iron'  placed  on  the  inside  at 
each  angle. 

It  will  doubtless  be  seen  at  once,  that  by  means  of  the  ash-pit, 
muffle,  and  feeding-doora,  together  with  this  damper,  a  most  per- 
fect control  of  the  fire  is  obtainable ;  both  as  to  its  temperature, 
and  also  the  capability  of  giving  any  course  desired  for  the  ingoing 
current  of  air  to  the  burning  fuel. 

The  muffle  itself  ia  a  kind  of  oven  formed  of  fire-clay.  Its  size 
ahould  be  well  proportioned  to  the  furnace  in  which  it  is  aet, 
iklthough  circumstances  of  position  of  the  funiace-room,  height  of 
chimney,  &c.  4c.,  will  veiy  much  modify  the  proportions  of  muffle- 
furnaces.  In  the  author's  own  laboratory  he  was  compelled  to 
put  up  three  sets  of  itimaces  before  arriving  at  proportions  most 
suited  to  perfect  working ;  thus  it  will  be  seen  that  no  definite 
sizes  can  be  given  which  will  be  uuiversally  applicable.     But  a 
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mtiffle  for  the  fomaoe  described  may  meELSure  1 3  J  inches  long  bj 
7  high  and  8  wide.  Its  eidoB  should  be  bored  with  a  number  of 
holes  from  the  outside,  having  a  direction  from  below  upwards  : 
thus,  although  they  freely  give  passage  to  currents  of  air  outwards, 
their  diirection  prevents  the  passage  of  small  cinders  inwards. 
These  holes  are  much  preferable  to  slits  (as  formerly  made),  and 
should  be  carefully  placed,  in  regard  to  the  position  of  the  cupels, 
so  that  a  current  passing  over  particular  cupels  should  be  at  once 
carried  directly  out  into  the  fire ;  and  there  should  be  a  row  in  the 
end  of  the  mufSe  at  the  top,  which  will  tend  to  clear  the  mufSe  of 
fiimes  :  for  it  must  be  stated  that  during  the  working  of  assays  no 
traces  of  fumes  should  be  visible,  but  a  perfectly  clear  atmosphere 
eziet  inside  the  muffle  froia  beginning  to  end  of  the  operation. 

The  old  slit  mufQe  was  very  objectionable,  and  good  results, 
in  silver  work  especially,  hardly  to  be  obtained  iu  it,  for  the 
spaces  being  necessarily  large  cause  very  unequal  currents,  and 
again,  after  such  a  muffle  has  been  heated,  it  is  almost  certain 
to  crack  from  one  or  more  of  the  slits,  and  often  quite  across  the 
roof  of  the  muffle  itself.  Then  their  size  admits  of  the  falling  in 
of  the  carbonaceous  matters  of  the  (ire.  These  evils  caused  the 
author  with  Mr.  Field  to  institute  a  number  of  experiments  more 
especially  upon  silver  fires,  employing  mufSes  perforated  as  de- 
scribed, instead  of  with  slits,  and  the  result  of  these  was  the 
construction  of  a  muffle  wherein  the  draught  is  carried  uniformly 
over  the  rows  of  cupels,  by  means  of  a  series  of  holes  carefully 
placed,  and  sufficient  in  number.  This  muffle  is  now  made  and 
sold  by  the  Plumbago  Crucible  Company  as  the  '  Mint  MufRe.' 

In  fitting  up  these  muffles  in  the  furnace,  the  plate,  being  first 
carefully  fitted  in  its  place,  is  to  have  the  clay  bed  (well  kneaded) 
put  upon  it ;  next  the  mufQe  firmly  pressed  on,  and  on  the  top 
of  this  latter  a  good  coating  of  fire-lute,  which  assists  in  retaining 
heat,  and  also  protects  the  muffle  from  blows  of  coal,  &c.  A  slow 
fire  is  then  put  into  the  tiimacc,  and  the  muffle-fitting  dried 
quickly,  BO  as  to  crack  it  well ;  these  cracks  being  subsequently 
mended,  the  whole  arrangement  will  be  as  a  solid  mass. 

The  fiuTiace  just  described  is  a  fuU-aized  one,  aud  is  adapted  to 
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vork  fortf-five  or  fifty  ulver  or  gold  aaaayt  at  one  operation ;  but 
equally  good  results  may  be  obtained  in  very  much  Bmaller 
fumaoes,  down  even  to  a  muffle  so  small  as  to  work  only  six 
Bimilar  cupels  at  one  time. 

The  fuel  suited  (beyond  all  oomparison)  for  assaying  operations 
is  obarcoal ;  but  the  large  consumptJon  of  a  Aill-siied  fiimace, 
and  consequent  great  eipense,  together  with  the  necessity  for 
iucreasii^  largely  the  capacity  of  the  firenihamber,  have  caused 
other  fuels  to  be  adopted  in  its  place,  and  thus  anthracite  coal 
and  coke  are  much  used.  If  the  fonner  be  emplojred,  we  must  be 
careful  to  obtain  the  best  Tarieties  only.  By  its  nse  ve  can 
command  a  great  body  of  heat  in  a  snudl  space,  while,  from  its 
density,  its  combustion  is  oomparatirely  slow.  The  fire  requtm 
lighting  by  arranging  the  fumaoe,  first  with  some  quick-kindling 
wood,  then  a  small  layer  of  charcoal,  and  lastly  with  snthraciU 
coal.  Where  charcoal  alone  is  used,  the  old  practJce  was  to  fill 
the  furnace,  and  then  on  the  top  to  throw  some  lighted  fuel :  thus 
the  fire  bums  downwards,  and  the  whole  apparatus  is  gradually 
heated  up  i  but  a  fiimace  will,  by  such  working,  require  from  two 
to  three  houre  to  get  in  working  condition ;  while  with  anthracite, 
as  above  described,  it  will  be  well  hot  in  from  an  hour,  or  even 
less,  up  to  an  hour  and  a  half. 

Mr.  Charles  Griffin  has  adapted  an  oral  body  (a)  to  his  gas 
mating  fumaoe  (fig.  ii),  which  thus  admits  of  the  insertion  of  a 
muffle  fbr  cupellation,  with  gas  as  a  fuel. 
The  muffle  is  placed  so  that  the  floor  of 
it  is  from  ij  to  i  inches  above  the  top  of 
the  burner :  thus  a  good  body  of  flame  is 
made  to  envelope  it ;  and  by  a  plate  of 
fire-clay  being  placed  across  the  fumaoe, 
I  just  above  the  muffle,  the  flame  is  turned 
down  and  passes  lengthways  upon  the 
crown  of  the  muffle  towards  the  chim- 
ney. It  is  lai^  enough  to  work  1 1  to 
1 5  cupels  at  an  operation,  its  internal  di- 
mensions being  8  inches  long  by  4  wide 
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ind  ])  high-  In  hia  earlier  foniacea  the  muffles  were  somewhat 
nuftUer,  and  fbnned  with  a  few  longitudinal  slits  on  the  crown 
at  the  back;  bat  in  muffles  of  the  dimensions  given  an  outlet 
tube  (d)  ia  fbnned  in  them  at  the  back,  which  paaaes  uut  through 
the  fnmaoe  wsll ;  and  to  this  a  amoll  aheet-iron  chimney  ia  at- 
tached, of  abont  3  feet  long  hj  1  inch  diameter ;  in  this  a  small 
Tslre  is  fcmned,  bjr  means  of  wbiuh  the  draft  can  1m  dimiuisheil 
if  beedfuL  In  other  respects  the  arrangement  of  this  fiimoce  ia 
the  same  as  that  of  the  memng  furnace  before  mentioned,  except- 
ing onlj  that  for  the  larger  muffle  a  somewhat  longer  chimney  {f) 
is  needed :  hence  an  extra  z-(bet  length  is  added. 

With  good  management  this  fUmace  is  rery  efTeotiTe,  and 
giTea  excellent  results.  Then,  besides  the  advantage  of  workhig 
without  ecdid  fuel,  we  have  the  great  one  of  getting  tlie  heat  up  in 
about  twen^  minutes  to  half  an  hour  from  the  time  of  lighting, 
and,  again,  great  power  of  draft  r^ulatiou,  as  well  as  of  slowly 
cooling  down  at  pleasure, — indeed,  all  the  requiremeats  of  an 
ordinaiy  anaying  furnace.  The  consumption  of  gas  is  from  jo  to 
35  fbet  per  hour. 

Hr.  Arnold  J.  Watson,  of  the  Assay  Office,  Sheffield,  has 
devised  a  gas  assay  funiace,  which  he  has  had  in  operation  at  the 
above  c^oe  since  March,  1867,  and  he  states  that  it  hiks  given 
entire  satia&atioa  One  great  peculiarity  in  it  is,  tliat  the  muffle, 
whioh  ia  of  large  dimensions,  vie.  5 )  inches  broad  by  1 1  long  upon 
its  floor,  ii  yet  open  at  both  ends.  Mr.  Watson  makes  from  14  to 
31  aatayi  at  an  operation,  and  upon  silver, — a  tryii^  tost  of  tike 
weiking  powers  of  a  muffle  furnace.  He  says,  in  his  furnace 
'  ordinary  ooal-gas,  mixed  with  atmoapherio  air,  is  employed  oa  a 
Bufaatitute  for  charcoal,  anthracite,  or  other  fuel  now  commonly 
used.'    It  is  represented  in  figs.  47,  48,  and  49. 

The  apparatus  consists  of  a  cast-iron  cylinder  (a),  in  which  the 
gas  and  air  are  mixed,  and  to  which  are  fitted  a  pipe  (6),  with  tap 
attached,  for  the  admission  of  gaa,  and  a  valve  (c),  worked  by  the 
handle  [c'),  fbr  regulating  the  proportion  of  air  required  for  the 
oombuation  of  the  gas  employed.  Upon  leaving  the  cylinder  (a), 
the  gaa  and  air,  in  a  mixed  state,  paas  through  the  perforated  fire- 
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stone  burner  (d)  into  the  lighting  chamber  («)  undemeatb  the 
muffle  (/).  lu  this  chamber  the  mixture  is  ignited,  through  the 
opening  («"),  which  is  afterwards  closed  by  a  fir&«tone  plug  (e")  ; 
and  the  flame,  rising  from  the  sur&ce  of  the  burner,  entirely 
envelopes  the  muffle,  paanng  away  through  the  chimney  (g).    Th  e 


draught,  besides  carrying  away  the,  products  of  combustion,  coD' 
verts  each  jet  of  gas,  as  it  issues  from  the  fire-stone  burner,  into 
a  '  blowpipe  flame.'  This  is  in  a  measure  efiected  by  currents  of 
air  which  are  drawn  through  grooves  cut  on  the  surface  of  the 
burner,  between  each  series  of  jets.     These  grooves,  being  invisi- 


ble  in  any  of  the  views  given,  are  merely  dotted  in,  to  show  their 
position.  The  flame  is  smokeless,  and  of  a  blue  colour,  producing 
a  sufficient  heat  for  assaying  purposes  within  one  hour  alt«r  hght- 
ing. 

The  heated  chimney  creates  a  current  of  air  inside  the  case- 
ment (A),  by  means  of  which  the  oxide  of  lead,  or  any  vapoun 
proceeding  from  the  mouths  of  the  muffle,  are  conveyed  away,  a 
hole  being  made  into  the  flue  above  the  furnace-chimney,  and 
within  the  casing,  for  the  purpose  of  allowing  them  to  escape.  The 
improvement  in  the  muffle  consists  in  its  bting  open  at  both  ends  : 
by  this  arrangement  the  asaayer  is  enabled  to  watch  the  progress 
of  the  assays,  and  to  regulate  their  working  more  effectually  than 
is  possible  with  the  ordinary  muffle. 

The  fire  tools  required  for  the  ordinary  anthracite  furnace  are 
shown  in  the  drawing,  fig.  50 ;  they  are, — 

1.  A  stirring-down  tool,  for  arranging  and  compacting  uni- 
formly the  fuel  round  the 
muffle ;  it  is  used  at  the  feed- 
door,  D,  fig.  4.5  :  by  this  oper- 
ation the  fire  is  freed  from 
hollow  places,  which  would 
create  unequal  draughts  in 
the  various  parts  of  the 
muffle. 

2.  A  strong  shovel,  with 
holes,  BO  as  to  charge  in  the 
coal  free  from  dust. 

3.  A  teaser,  for  raking 
out  the  fire-bars,  so  as  to 
draw  up  any  particular  por- 
tion of  the  fire  in  which,  by 
obstmcted  draught,  it  may  bum  dull  and  sluggishly. 

4.  A  fire-hoe,  for  withdrawing  ash  from  the  ash-pit.  This 
should  be  cared  for  before  charging  iu  the  aasays,  and  afl«r 
stirring  down  and  clearing  the  fire-bars.  This  tool  is  also  em- 
ployed to  scrape  and  clean  the  mtiffle-floor. 
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5.  A  small  pair  of  strong  tongs,  for  removing  and  replacing 
the  inm  muffle-doors  and  others. 

6.  Charging-in  tongs,  for  putting  the  assajr  and  lead  into  th« 
cupels.  Tbeae  require  to  be  moat  carefully  made  :  they  should  be 
of  good,  half-round  steel  rod,  and  worked  tapering  to  the  points 
by  forging,  the  points  coming  veil  opposite  each  other ;  and  the 
object  of  using  good  steel  is  that  they  shall  maintain  their  form 
and  qualitiee,  which  iron  would  loee  by  fire  use.  Two  purs  are 
needed — one  of  about  j  feet  long,  for  the  back  of  the  muffle,  and 
the  other  about  1  ft.  2,  for  the  &ont.  The  ba«k  bend  should  be 
heavy  enough  to  balance  the  legs,  when  held,  as  they  are,  by  the 
hand  comparatively  near  to  this  bend. 

Now  the  practice  of  assaying  silver  by  oupellation  resolves 
itself  into  the  following  operations.  First,  the  vety  accurate 
weighing  of  a  certain  fixed  quantity  of  the  specimen  to  be  ope- 
rated upon ;  secondly,  the  cupelling  this  with  a  proper  quantity 
of  pure  lead ;  and,  thirdly,  the  re-weighing  the  button  of  pure 
silver  so  obtained,  when  the  loss  of  weight  will  be  due  to  the 
aUoy  separated.  This  accurate  weighing  involvee  the  use  of  a 
balance  of  the  most  delicate  description.  The  one  employed  by 
the  author  ia  au  instrument  of  his  own  construction,  and  de- 
scribed by  him  in  the  6th  volume  of  the  Qvarterlff  Journal  of  the 
Chemical  Society,  page  36.  Its  essential  parts  are  represented 
roughly  to  scale  in  fig.  51,  and  again  as  euclosed  for  use  in  fig.  jz. 
It  consists  of  a  very  light  skeleton  beam,  10  inches  long,  }  inch 
deep  at  the  fulcrum,  and  tapering  off  to  ^  inch  at  each  end ;  it  is 
about  -ff  inuh  thick  at  the  centre,  decreasing  in  the  same  way  to 
^.  As  little  metal  as  possible  is  left  in  it ;  thus,  in  the  centre 
there  is  but  just  enough  to  allow  of  secure  fixing  for  the  knife- 
edge;  and  at  the  ends,  for  adjustment  of  the  length  of  arm.  In, 
This  latter  is  effected  by  the  ends  being  loose,  and  adjustable  by 
screws,  which  fix  tiiem  at  the  accurate  dist&ncc. 

The  bearings  for  the  pan  pendants  are  two  hard  steel  poinU 
at  each  end,  adjustable  (so  as  to  bring  the  two  end  and  centre 
bearings  in  a  straight  line)  by  having  a  fine  screw  cut  upon  each, 
and  provided  with  lixiug-nuts.      By   these  the  points  can  be 
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screwed  up  or  down,  through  the  horizontal  plate  formed  at  the 
end  of  the  beam. 

The  pendants  are  himg  on  these  points  b;  a  small  steel  plate, 
in  the  underside  of  which  a  cup-shaped  cavity  is  turned  for  the 
front,  and  a  groove  for  the  back  ones. 

The  knife-edge  in  the  centre  rests  upon  agate  bearings,  which 
latt«r,  instead  of  being  plain,  are  worked  to  elliptical  faces,  the 
axis  of  the  ellipsis  being  parallel  with  the  beam  ;  hence  the  knife- 
edge  bears  virtually  upon  points. 


^ 
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Bearing  in  mind  the  very  smalt  weights  these  balances  are  in- 
tended to  carry  (which  should  not  ezoeed  25  to  30  grains),  uo 
hesitation  existed  as  to  reducing  all  parts  of  contact  where  fric- 
tion during  action  ocourB  to  the  smallest  possible  dimensions  ; 
and  indeed,  although  the  author  had  used  two  of  theee  iuatru- 
luents  in  daily  hard  work  for  nearly  ten  years,  at  the  time  of  first 
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printing  their  description  these  delicate  parts  showed  no  indica- 
tion of  wear  by  any  diminiBhed  seosibility.  The  stand  is  masBire 
in  its  oonstruction,  in  order  that  when  put  into  action,  no  tremu- 
louBnees  may  be  cotmnunicated  to  the  beam ;  it  is  formed  of  two 
stout  pillars  of  J  inch  diameter,  and  6^  inches  long,  fixed  on  a 
base  I  inch  thick ;  upon  the  upper  end  of  these  is  fixed  a  table, 
which  has  two  upright  pieces  rising  tiom  it,  to  which  are  cemented 
the  agate  beariuge.  A  second  corresponding  table  is  attached  to 
the  movement-rods  which  pass  down  the  pillars.  This  table  has 
two  mortices  in  it,  for  the  passage  of  the  upright  pieces  which 
carry  the  agates,  and  upon  these  uprights  as  guides  it  slides  up 
aod  down.  On  the  outride  of  this  second  table  is  a  crutch  on  each 
side ;  these  lift  the  beam  shghtly  off  its  bearings,  when  throwing 
it  out  of  action. 

The  movemenHever  on  being  depressed,  first,  however,  acts 
upon  the  arms  of  two  rollers,  which  are  fixed  under  the  lanthom, 
and  whose  opposite  arms  depress  the  ivory  tables  which  support 
the  pans.  By  the  time  the  tables  are  well  away  from  them,  the 
lever  has  reached  a  connecting  stirrup  between  the  movement- 
rods,  and  begins  to  drop  the  beam  upon  the  agates. 

The  tables  have  a  small  hemisphere  of  agate  fitted  in  their 
centres,  and  the  pans  themselves  have  a  curve  given  them  of  a 
radius  just  equal  to  the  distimce  between  the  ivory  table  and 
point  of  euspension ;  by  these  provisions,  should  they  awing  out  of 
the  perpendicular,  during  weighing,  they  will  nevertheless  be 
caught  at  any  point  by  the  tables  when  they  rise  up  to  them. 

By  the  pillars  being  fixed  at  a  distance  of  i-^  inch  from  each 
other,  a  good  space  is  obtained  for  the  scale  ;  while  by  prolonging 
the  index-needle  to  rather  more  than  6  inches  downwards,  very 
open  degrees  are  obtained.  And  besides  this  great  advantage,  the 
motions  of  the  index-needle  are  brought  nearly  upon  a  level  with 
the  pans,  and  thus  altogether  under  the  eye. 

An  instrument  thus  delicate  is  absolutely  necessary,  because 
the  smaller  the  quantity  of  metal  we  operate  upon  (within  oert^n 
limits),  the  more  successful  will  be  the  operation ;  and  although 
we  could,  by  using  a  heavier  instrument,  got  nearly  as   close 


weighings,  their  performance  would  be  votj  elowly  effected,  uid 
with  leES  certainty.  The  author  sent  the  drawing  for  this  balance 
to  Mr.  OertlJQg  for  its  conatruction,  with  the  direction  to  him  to 
get  the  beam  as  light  as  the  frame  oould  be  worked  (in  brass). 


and  in  the  first  instrument  made  it  weighs  [  Z2  grains.  Subse- 
quently upon  the  balance  coming  into  considerable  use  in  foreign 
mints,  one  was  ordered  for  our  own  Mint,  and  the  author  under- 
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took  to  see  that  m  dalicat«  an  iustrumeut  as  could  be  mads, 
should  be  supplied  to  tham.  The  beam  of  this  was  brought  down 
to  84  grains.  He  then  had  one  made  for  bin  own  use  in  alumi- 
nium, and  to  this  Mr.  Oertling  applied  small  ruby  points  in  place 
of  the  steel  ones.  But  although  the  specific  grHTity  of  the  metal 
used  was  so  low,  the  beam  yet  weighed  78  grains  from  the  impos- 
sibility of  working  aluminium  to  so  delicate  a  frame  as  brass 
oould  be  reduced.  These  points  have  been  thus  dwelt  upon,  as 
the  speed  and  constancy  in  a  beam  depend  upon  the  smaU  mass 
put  in  motion,  the  centre  of  gravity  also  being  adjusted  so  as  to 
be  just  below  the  fulcrum. 

The  quantity  taken  for  examination  is  called  an  assay  pound, 
because  it  is  a  representative  of  the  troy  pound  :  hence,  in  silver 
work  it  is  subdivided  in  the  same  way,  vii.  into  ounces  and 
pennyweights,  the  hal^nnyweight  being  the  smallest  denomina- 
tion to  which,  in  Great  Britain,  silver  aaaays  are  reported,  although 
an  assayor  with  such  a  balance  as  the  above  can  weigh  accurately 
to  half  a  troy  grain,  even  with  a  smaU  assay  pound. 

This  assay  pound  may  be  any  quantity,  chosen  according  to 
the  particular  views  and  practice  of  tbe  assayer,  and  may  range 
between  6  and  11  grains:  the  quantity  generally  used  by  the 
French  assayera  is  the  gramme,  or  ■S'434  troy  grains,  but  for 
several  reasons  this  is  too  large  for  cupel  assays,  and  less  calculated 
to  give  correct  results  than  a  smaller  quantity.  A  ten-grain  pound 
is  a  very  good  one  for  silver.  The  old  assayers  always  worked 
with  ounce  and  pennyweight  divisions  of  this,  but  a  better  plan  is 
to  work  decimally,  and,  if  trade  estimations  be  required,  to  convert 
the  decimal  into  the  trade  expression. 

Decimally  then,  fine  silver  would  be  called  1000,  and  English 
standard  ailver,  which  contuns  in  the  pound  troy,  1 1  ounces  and 
1  dwta.  of  ailver,  mixed  with  18  dwta.  of  alloy,  would  be  '91;. 
Mexican  doUara  are  a  mixture  of  to  oz.  16J  dwts.  of  silver,  with  1 
oz.  ]i  dwts.  of  alloy.  Hence,  as  all  the  excess  of  alloy  over  the 
English  standard  would  be  called  '  worsenesa,'  they  would  be 
reported  worse  {}  dwts.  The  decimal  weighing  of  such  an  assay, 
if  truly  made  to  the  Mexican  standard,  would  be  9027 ;  actually 
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voree  j  dwta.  8  gnuQB :  but  as  trade  reports  are  only  made  to 
each  I  dwt,  it  would  be  reported  W  ;}  dwts. 

To  take  one  other  example,  the  Fre&ch  standard  contiuna  900 
parts  of  silver  with  100  of  alloy  :  nov  this  is  exactly  equal  to  10 
OS.  t6  dwts.  of  silver  with  1  oe.  4  dwta.  of  alloy.  Henoe  this 
would  exactly  be,  worse  6  dwts. 

On  the  other  hand,  certain  Indian  rupees  oontun  950  parts  of 
silver  with  50  of  aUoy :  this  would  be  equal  to  1 1  ot.  8  dwts.  of 
silver  with  ■  2  dwts.  of  alloy.  Hence  the  trade  report  for  these 
would  be,  better  6  dwts. 

The  first  step,  then,  in  the  assay  of  a  Hpeciinen  of  alloyed 
silver,  is  the  carefiil  weighing  of  an  assay  pound  of  the  sample  : 
for  this  purpose  the  cut  from  the  bar  is  flattened  out  to  a  thin 
disk ;  off  this  the  edges  are  carefully  cut,  and  from  the  centre  two 
assay  pounds  are  prepared  by  an  assistant,  in  a  lees  delicate 
balance  than  the  one  described  ;  as  bemg  more  quick  in  action  for 
rough  weighings.  The  assayer  himself  then  verifies  and  corrects 
these  rough  weighings  in  the  fine  balance,  and  proceeds  to  wrap 
the  metal  up  in  a  piece  of  sheet-lead,  amounting  in  weight  to  just 
half  the  quantity  required  for  cupell&tion.  This  varies  much, 
increasing  jqst  as  the  amount  of  alloy  in  the  specimen  increases. 
Most  writers  upon  this  subject  have  transcribed  a  table  by  D'Aroet, 
wherein  he  commences  with  fine  silver,  and  states  that  it 
requires  -f^  of  its  weight  of  lead  for  cupeUation ;  that  English 
standard  may  be  cupelled  with  five  times  its  own  wei^t,  in- 
creasing the  quantity  of  lead  as  the  alloy  inoreasea,  until  the  latter 
amounts  to  joo  parts  of  the  thousand.  To  such  a  silver  he  would 
give  1 6  to  1 7  times  its  weight  of  lead,  and  no  greater  quantity  to 
any  coarser  specimen. 

But  from  the  author's  experience  there  are  great  difficulties  in 
working,  even  fine  silver,  with  less  than  three  times  its  weight  of 
lead  ;  nor  does  he  believe  that  reeults  obtained  on  the  finer  qualities 
of  silver  are  worthy  of  trust  with  a  less  quantity.  English 
standard  will  require  six  times  its  weight,  and  coarser  varieties  in 
Uke  proportion. 

The  estimation  of  the  quantity  of  lead  required  will  be  a 
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matter  for  the  experience  of  the  assajer.  A  practised  operator 
will  judge  very  closely  by  the  hardness  or  softnetts  of  the  cut  of 
the  metal,  joined  to  its  colour,  and  the  like,  and  seldom  be  &r 
out ;  but  when  there  is  any  doubt  upon  this  point,  it  is  better  to 
err  ou  the  side  of  too  much  rather  than  too  Uttle  lead.  The  French 
works  on  assaying  recommend  the  use  of  a,  paper  case  for  the 
metal,  but  this  is  a  most  clumsy  expedient ;  and  if  this,  with  other 
details  of  the  operation  cont^ned  in  such  sources,  be  the  usual 
French  practice,  it  is  not  surprising  that  some  other  method  of 
silver  assaying  should  have  been  fbund  needful  in  France,  as  also 
in  other  places  where  their  little  fire-clay  assay  furnaces  are  used, 
and  with  such  methods  of  manipulation  also  as  are  employed  in 
working  them. 

It  is  almost  needless  to  remark  that  lead,  as  free  as  possible 
from  silver,  must  be  employed  ;  and  on  any  purchase  of  fresh  lead 
the  amount  of  silver  contained  must  be  tested.  Still,  as  the  proofii 
assayed  with  the  whole  set  are  done  with  the  some  lead,  the 
importance  of  this  is,  to  some  extent,  diminished. 

The  specimcne  are  then  carefully  wrapped  in  their  lead  oases, 
these  coses  weighing,  as  before  stated,  about  half  the  weight  of  that 
required.  If  many  are  operated  on  at  once,  they  are  carefully 
ranged  in  distinct  compartments  of  a  mahogany  trny  ;  this  latter 
is  well  to  he  made  of  the  size  of  the  mufSc-floor,  with  compart- 
ments corresponding  to  each  cupel.  While  these  weighing 
operations  are  going  ou,  the  fireman  having  lighted  the  furnace 
and  put  the  requisite  cupels  in  the  mn£Se,  the  heat  is  gradually 
got  up,  and  examined  from  time  to  time.  When  the  mufQe  is  of  a 
uniform  bright  red  and  the  cupels  have  lost  all  ashy  appearance, 
the  fire  ia  '  stirred  down '  by  the  assayer.  This  is  done  by  putting 
in  a  stirrer  (No.  i,  fig,  50),  at  the  top  or  feeding  door,  and  with  a 
light  hand,  pressing  the  fuel  all  round  the  muffle,  so  as  to  prevent 
or  rather  to  fill  up  cavities  in  it,  which  would  otherwise  cause 
draughts  through  the  muffle  towards  them,  instead  of  allowing 
the  current  to  flow  eqiwbly  over  the  whole  muffle  floor  as  it  does 
when  the  fire  is  thus  nicely  compacted.  The  ^mace  is  now 
opened ;  and  in  the   muffle-door  is  built  up  a  series  of  pieces  of 
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charcoal,  commencing  with  some  large  pieces,  then  following  vith 
a  layer  of  smaller,  and  so  on,  until  the  mouth  is  about  two-thirds 
built  up,  as  Been  in  the  front  view  of  the  furnace.  An  assistant 
then  puts  the  remaining  half  quantity  of  lead  into  the  cupels ; 
when  this  is  fused  the  aasayer  carefully  chtu^j  in  the  aaaays,  and 
when  all  are  in,  completes  the  mouth  with  small  twigs  of  charcoal 
The  wortdng,  or  oxidation  of  the  bath,  is  then  started,  by  first 
throwing  a  current  of  air  through  the  mufQe.  This  is  shown  by 
the  bath  of  metal  becoming  covered  with  small  patches  of  oxide  of 
lead  ;  these  circulate  from  the  centre  over  the  edges.  The  work- 
ing thus  fairly  set  up,  the  adjustment  of  draught  by  means  of  the 
various  tumace  openings  is  to  be  made,  so  as  to  maintain  a  steady 
circulation  from  the  centre  to  the  circumference,  where  the  oxides 
appear  to  be  abuorbed  by  the  cupel.  During  this  working,  no 
appearance  of  fames  should  be  manifest ;  indeed,  nearly  the  whole 
of  the  oxides  should  pass  into  the  cupel,  and  that  they  do  so  in 
a  well-eieouted  assay  may  be  proved  by  weighing  the  cupel  be- 
fore and  after  the  operation,  when  it  will  be  found  to  have 
gained  very  nearly  the  weight  of  lead  used  plus  its  proportional 
of  oxygen. 

In  two  experiments  cupelling  92  grains  of  lead  at  each  opera- 
tion. No.  1  gave  97  grains  and  No.  i,  94  grains  of  lead  oxide  ab- 
sorbed.    The  calculated  quantity  would  be  99  grains. 

The  globule  of  fused  metals  goes  on  diminishing  in  size,  until, 
after  from  twenty  to  forty  minutes,  the  whole  of  the  lead  and  base 
metals  will  have  been  oxidized.  Just  as  this  occurs  the  globule 
suddenly  displays  a  most  brilliant  appearance,  dependent  upon  the 
red-hot  maas  of  silver  being  visible  through  a  thin  film  of  oxide 
of  lead  :  this  appearance  is  termed  the  brightening  of  the  assay, 
and  is  immediately  followed  by  an  exquisite  play  of  prismatic 
coloura  over  the  button  ;  these  flutter  upon  the  surface  for  a  few 
seconds,  and  then  clear  off,  leaving  a  bead  of  pure  silver.  The 
appearances  during  the  whole  operation  are  most  beautifid,  and 
hence  no  other  metallurgic  operation  upon  the  small  scale  can 
compare  with  this.  But  in  cupellation  on  large  bulks  in  the  re- 
finery they  are  altogether  absent,  and  Percy,  in  his  description  of 
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the  latter,  justly  remftrkB  upon  the  glowing  descriptions  given  by 
■ome  authera  of  really  imaginaiy  &ppearaDCeB. 

If  the  furnace  management  be  good,  the  '  going  off'  of  the 
assays  will  commence  with  the  row  in  front,  and  pass  back  from 
row  to  row  to  the  last  If,  on  the  other  hand,  the  working  off 
occurs  irregularly,  and  at  all  parta  of  the  muffle,  perhaps  coming 
even  forwards  from  back  to  front,  it  is  an  indication  of  bad  fire- 
work, and  the  resulting  assays  will  turn  out  Teiy  unsatis&otory. 
The  arrangement  of  'mouth  coals,'  aa  the  charcoal  in  the  mufBe- 
mouth  is  termed,  is  TCiy  advantageous,  tendii^  much  to  r^iilar 
working.  It  soon  takes  fire  at  the  inner  end,  and  by  its  slow, 
steady  combustion  keeps  up  the  heat  of  the  assays  near  to  the 
external  cold  current  of  ur,  which  latter  is  thus  warmed  on 
entering ;  and,  moreover,  the  too  violent  oxidizing  agency  of  com- 
mon air  is  diluted  by  an  admixture  of  carbonic  anhydride.  Then, 
again,  the  r^^ular  working  of  all  parts  of  the  fire  may  be  insured 
by  removing  some  twigs  where  necessary,  or  inserting  others 
where  the  working  is  proceeding  too  rapidly.  And  from  these 
remarks  it  will  be  seen,  that  frtnn  the  time  of  charging  in  until 
all  are  worked  off  the  fiimace  must  be  carefully  watched  by  the 
aasayer,  or  by  a  practised  fireman. 

It  now  remains  only  to  draw  out  the  mouth  coals  with  a  fire- 
hoe,  which  must  be  done  quickly  and  completely,  and  the  muffle- 
door  dropped  in,  also  quickly,  the  object  being  to  shut  all  up 
without  any  sudden  nish  in  of  cold  air,  which  would  cause  the 
assays  to  'spring.'  The  whole  of  the  fiimace-openings  are  then 
olosed  up,  and  all  allowed  to  cool  down  thoroughly,  —  a  stage 
occupying  from  half  to  three-quarters  of  an  hour. 

The  fiimace  is  then  opened,  and  the  assays  taken  out  into  an 
iron  tray.  If  they  are  good,  the  buttons  will  appear  nicely 
rounded,  the  top  slightly  pitted,  and  their  surfaces  somewhat 
matted  or  crystalline,  and  they  should  adhere  but  slightly  to  the 
cupel  If  the  adhesion  l>e  much,  and  they  throw  out  any  pro- 
jecting portions  at  their  bases,  they  are  not  fine  ;  and  if,  in  place 
of  standing  up  nicely  rounded  from  the  cupel,  they  exhibit  a  flat 
appearance,  it  is  a  sign  that  tbey  have  not  had  lead  enough  added 
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to  them.  They  are  next  separated  firoin  the  cupel,  juat  tapped 
with  a  hammer  to  knock  off  any  adherent  ash ;  for  which  purpose, 
also,  they  are  aubaequently  carefully  bmahed  with  a  wire  brush. 
Tookey  dips  them  io  dilute  hydroohlmic  acid,  in  preference  to 
brushing  them,  for  the  removal  of  any  adherent  bone-ash. 

Now  the  rationale  of  the  operation  is  this : — When  lead  ia 
heated  in  a  current  of  air,  it  is  readily  oxidized,  forming  a  very 
fusible  oxide ;  this  also  ia  very  ready  to  give  up  part  of  its  oxygen 
to  certain  other  metals :  thus  ct^per  becomes  oxidized,  and  its 
oxide,  dissolved  in  the  fluid  litharge,  passes  with  it  into  the 
Uxture  of  the  poroua  cupel  in  which  the  assay  is  made. 

It  now  only  remains  to  weigh  the  assays  and  compare  them 
with  some  well-known  standarda  of  comparison,  worked  in  the 
same  fire  with  the  unknown  alloys.  It  will  be  found  that  there 
is  uniformly  a  loss,  dependent  partly  upon  silver  volatilized  and 
partly  upon  absorption  by  the  cupel ;  and  I  believe  that,  in  the 
latter,  a  small  proportion  of  silver  passes  into  it  as  argentic  oxide. 
The  loss  ia  a  fluctuating  quantity,  vailing  with  circumstances, 
and  especially  with  the  temperature  of  the  furnace :  hence  the 
standards  or  proofs  used  in  the  operation  afibrd  the  best  means  of 
verifying  the  assays ;  and  from  a  great  number  of  these  it  may 
also  be  learned  pretty  closely  what  this  loss  should  be,  as  a  normal 
quantity. 

For  a  considerable  period  of  the  early  part  of  my  own  practice 
I  was  in  the  habit  of  employing  nine  standard  pieces  in  a  fire  of 
fifty  cupels,  until,  by  experience  of  pretty  coniitaut  loea  in  the 
same  parts  of  the  fire,  their  number  could  be  reduced  to  five. 

From  the  diy  we  may  pass  to  the  humid  assay  of  silver, — an 
operation  which  had  its  rise  in  France,  being  contrived  by  Gay- 
Lussao  in  consequence  of  the  uncertain  results  obtained  in  the 
French  Mint  by  cupellation.  It  is  performed  by  precipitating 
the  silver  after  we  have  converted  a  known  weight  into  nitrate,  by 
sodic  chloride ;  and  then,  having  ascertained  the  quantity  of  the 
latter  needed  to  efTect  this,  we  leam  the  quantity  of  argentic 
chloride  formed,  and,  by  consequence,  the  quantity  of  silver 
praeent  in  the  specimen  assayed. 
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This  ia  a  natural  sequence  of  the  law  of  combinatioa  in  atomic 
proportiona,  for  io8  paxta  of  silver  combine  with  35*5  of  chloriae 
in  forming  ai^ntic  chloride,  and  35-5  is  the  atomic  proportion 
of  chlorine,  whether  it  combine  with  silver,  sodium,  or  any  other 
body.  Thus  our  knowledge  of  the  quantity  of  silver  sought  is 
certain,  when  we  know  the  amount  of  aodic  chloride  uaed  for  its 
complete  precipitation.  Suppose,  then,  an  aaaaj  formed  of  fine 
silver  be  taken  of  1  o  grains  weight,  and  it  ia  required  to  know  bow 
much  Bodic  chloride  wiU  exactly  precipitate  this ;  it  ia  a  simple 
question  of  proportion,  thua  stat«d  : — As  108  (the  proportional  of 
silver)  ia  to  60  (the  proportional  of  sodic  chloride),  so  will  10 
grains  be  to  the  quantity  required,  which  will  be  found  to  be  S'SSS 
groins.  Having  arrived  at  this  quantity,  a  solution  of  salt  ia 
mode,  in  the  proportion  of  5';;5  grains  to  eveiy  1000  grains  of 
water:  hence,  too  grains  of  thia  would  completely  precipitate 
1  grain  of  silver;  10  grains,  'I  of  silver;  and  so  on.  A  solution 
so  made,  however,  always  requirea  correction  after  testing  it  with 
an  aeaay  pound  of  pure  ailver,  for  the  calculated  quantity  of  salt 
ia  generally  found  inaufficient,  as  it  is  not  easy  to  obtain  quite 
pure  aodio  chloride ;  although,  indeed,  that  ia  not  abaolutely 
neocdsary,  as  good  ordinary  common  salt  is  very  uniform  in 
composition,  and  answers  the  purpose  perfectly  welL  Several 
other  precipitanta  have  been  need  by  different  operators;  but 
there  is  none,  on  the  whole,  to  be  preferred  to  common  salt,  which 
posseasea  many  and  great  advantages. 

If,  then,  it  were  desired  to  estimate  the  proportion  of  ailver  in 
a  coin  (an  English  silver  coin,  for  eiamplo),  the  following  pro- 
ceeding would  effect  thia  : — An  assay  upon  10  grains,  the  quantity 
chosen,  should  be  dissolved  in  a  small  quantity  of  acid  by  a  gentle 
heat,  the  aohition  being  made  in  a  bottle  capable  of  well  stop- 
pering. Next,  some  of  the  salt  solution  might  be  put  into  an 
alkalimctcr,  of  a  convenient  form  for  weighing,  and  the  instru- 
ment and  its  contents  very  accurately  weighed.  A  quantity  of 
the  solution  would  next  be  added  to  the  sUver  aolution,  until  it 
was  auppoaed  something  very  near  to  complete  precipitation  was 
effected.     Then,  on  stoppering  the  bottle  and  giving  it  a  vigorous 


SILVER.  311 

BhakiDg,  the  chloride  formed  would  agglomerate,  Etnd  the  liqmd 
become  quite  clear.  Salt  solution  is  thea  to  be  added,  a  few  drops 
at  a  time,  shaking  and  clearing  after  each  addition,  Hotil  exact 
neutrality  is  attained.  Lastly,  by  returning  the_  alkalimcter  to 
the  balance  and  ascertaining  the  quantity  of  solution  used,  the 
amount  of  silver  would  be  ascertained. 

But  the  difficulties  attendant  upon  such  a  method  will  no 
doubt  at  once  be  apparent,  the  chief  of  which  will  be  seen 
t«  be  the  extreme  care  and  expenditure  of  time  necessary  in 
order  to  arrive  at  the  point  of  saturation,  enhanced  by  the  fact 
that  errora  of  one  or  two  hundredths  of  a  grain  in  the  silver 
estimate  are  considered  grave  ones,  and  may  be  produced  by 
corresponding  errors  of  one  to  two  grains  of  solution  too  much  or 
too  little. 

It  might  be  imagined  that  if,  in  place  of  weighing,  we  used 
some  means  of  measuring  the  salt,  it  would  answer  all  purposes ; 
but  this  is  impracticable  with  a  strong  solution  from  the  yet 
increased  difficulty  of  measuring  such  small  amounts  in  any 
ordinaiy  way :  hence,  out  of  these  difficulties  the  method  now 
usually  pursued  arose,  and  which  in  outline  is  the  following.- 

A  solution  of  salt  is  made  just  as  already  described,  and  of 
this  one  constant  measure  is  used  in  all  cases, —  looo  grains,  for 
instance  :  hence,  to  accommodate  this  constant  quantity,  a  varymg 
one  of  the  silver  specimen  is  taken  ;  such  quantity  of  silver  being 
r^ulatcd  by  presupposed  quality  of  the  alloy,  and  being  Just  the 
amount  which  would  contain  our  assay  pound,  or  i  o  grains,  of  pure 
silver,  the  excess  of  weight  being  due  entirely  to  alloy. 

An  example  or  two,  after  description  of  the  solutions  and 
apparatus,  will,  perhaps,  make  the  system  plain. 

First  as  to  solutions. — For  the  preparation  of  the  firat,  or 
'  normal  solution,'  some  good  clean  salt  may  be  procured,  rubbed 
to  powder,  and  well  dried.  When  perfectly  dry,  a  quantity  may 
be  taken — say  for  loo  assays;  which  would  be  $'$$i  grains 
X  loo  =  ;5;-;  grains:  this  is  next  to  be  dissolved  in  too 
quantities  of  looo  grains  each  =  14  lbs.  z  oz.  jo  gra.  of  water. 
Then  from  this,  after  verifying  and  correcting  its  strength,  a 
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second  or  '  deotmal  aolution,'  is  made,  vhich,  aa  its  name  implies, 
shall  be  just  one-tenth  the  strength  of  the  normal.  For,  as  close 
indications  are  arrived  at  in  an  assay,  concentration  of  the  former 
solution  being  so  great  would  require  extremely  small  and  accurate 
measurements ;  hence  we  employ  this  tenth  solution,  formed  by 
adding  i  ooo  grains  of  normal  to  9000  of  distilled  water,  and  by  so 
doing  are  enabled  to  make  our  fine  additions  of  10  grains  measure 
inat^td  of  one  grain  only. 

A  third,  or  supplementary  aolution,  is  made  of  one  assay  pound 
(amounting  therefore  to  10  grains) 
of  sUver,  dissolved  in  a  small  quau- 
tity  of  nitric  acid,  and  then  made 
up  in  quantity  to  lo'ooo  grains. 
This  is  called  the  '  nitrate-of-silver 
solution,'  and  it  will  be  seeu  that, 
bulk  for  bulk,  it  will  exactly  neu- 
tralise the  decimal  salt  solution. 
Its  use  will  presently  be  seen. 

Where  many  humid  assays  of 
silver  are  made,  it  is  convenient  to 
have  the  normal  solution  of  salt 
kept  in  a  large  glass  vessel  (and  a 
large  Oerman-glasa  Woulfe'a  bottle 
makes  a  very  convenient  receiver). 
Into  one  neck  of  this  is  to  be  in- 
serted a  syphon-shaped  tube,  of  tol- 
erably large  capacity,  so  that  at  its 
lower  end  a  small  thermometer  can 
he  inserted  ;  Just  below  this  the 
tube  is  contracted,  so  as  to  enter 
and  cement  into  the  upper  end  of 
a  silver  cock  of  peculiar  construe* 
tion  ;  to  the  lower  limb  of  this  cock 
a  pipette,  of  1000  grains  capacity, 
is  cemented ;  supposing  that  bulk 
has   been  adopted  as  our   normal 
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measure,  but  lOO  cubic  centimeters,  or  any  other  bulk  ohoflen, 
mft;  be  used. 

The  whole  apparatus  must  be  bo  placed  and  proportioned,  that 
the  line  on  the  stem  of  the  pipette  marking  the  i  ooo-grain  point 
should  be  at  about  the  level  of  the  eye  of  an  operator.  The  pipette 
line  should  be  adjutsed  just  at  the  point  from  which  it  will  deliver 
■  ooo  grains,  leaving  the  drop  in  the  point,  which  will  be  retained 
by  capillary  attraction,  as  an  overplus  not  to  be  used. 

The  use  of  the  thermometer  is  to  ascertain  the  temperature  of 
the  solution  as  it  flows  over  it;  for  as,  of  course,  expansion  by 
beat  will  by  just  its  amount  weaken  the  solution,  so  a  correction 
is  necessary  for  the  temperature  at  which  the  assays  are  made- 
This,  however,  need  hardly  be  mentioned  as  necessary,  as  no  one 
would  work  assays  without  also  simultaneously 
working  a  standard  one  for  correction. 

The  cock,  fig.  {4,  consists  of  a  barrel  and  plug, 
as  in  any  ordinary  one,  but  the  way  through  it 
from  the  plug  outwards  is  continued  by  a  small 
central  tube,  A.  A  small  conical  valve,  B,  en- 
ters the  side  of  the  main  tube  of  the  cock,  just 
below  the  commencement  of  the  inner  tube ;  this 
valve  being  closed  by  a  similarly  shaped  plug, 
which  jama  up  on  turning  it,  being  forced  up 
by  a  small  screw-head,  which  works  in  a  spiral 
slit  in  the  aide  of  the  valve.  This  is  for  the 
admission  of  air  into  the  upper  part  of  the 
pipette,  so  as  first  to  adjust  the  contents,  and 
subsequently  to  cause  their  flow  out. 

The  whole  of  the  above  apparatus  is  for  the 
normal  solution  only.  Then  the  decimal  solu- 
tions of  salt  and  of  silver  are  best  kept  in  wide- 
mouth  stoppered  bottles,  from  which  they  are 
measured  out  for  use.  For  measuring  these,  a 
few  small,  straight  pipettes  are  employed,  gra- 
duated  in  five  lo-grain  divisions;  or,  in  other 
words,  with  five  spaces,  each  equalling  one  hundredth  of  the  largu 
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pipette.  It  will  then  be  eeen  that  one  of  these  diviaionB,  or 
hundredths  of  decimal  solution,  will  precipitate  just  one  thou- 
sandth of  the  quantity  that  a  large  pipette  of  normal  solution 
\Tould  do. 

A  few  well-stoppered  bottles  are  required  for  the  solution  of 
the  specimens,  and  carrying  on  of  the  operation ;  and  for  the 
heating  up  of  the  solution  bottles,  some  convenient  form  of  water- 
bath,  because  the  dissolved  assays  clear  much  more  readily  if  they 
'  are  operated  on  at  a  tolerably  warm  temperature. 

Let  it  be  assumed  that  the  normal  and  other  solutions  are  all 
of  correct  strength,  and  it  is  desired  to  ascertain  the  amount  of 
nlver  in  a  specimen  whose  quaUty  is  quite  unknown.  Now  this 
quality  must  be  roughly  learned  before  the  quantity  to  be  taken 
for  assay  can  bo  decided.     Thus  a  rough  assay  is  first  made. 

As  before  remarked,  the  assayer's  eitperienc«  will  tell  him 
pretty  certainly,  from  external  characters,  somewhat  of  the 
quality  :  for  iustance,  whether  it  be  silver  of  seven,  or  eight,  or 
nine  hundred  ports  in  the  thousand. 

But  in  any  case,  for  this  rough  estimate,  an  actual,  or  lo- 
grain  assay  pound  may  be  taken,  and  Vauquelain  and  other 
French  writers  say  cupelled  to  arrive  at  it.  Or  it  may  be 
'  done  by  a  modification  of  the  usual  wet  method.  If  by  the 
latter,  it  is  to  be  dissolved  in  a  small  quantity  of  acid.  Then, 
for  these  approximating  assays,  it  is  well  to  have  two  or  three 
pipettes  of  varied  capacity,  say  of  700,  800,  and  900  giuns 
contents.  If,  then,  we  have  assumed  &om  the  cut  and  general 
examination  that  the  specimen  is  not  less  than  900  in  value, 
we  take  a  90o^;rftin  pipette,  and  add  that  quantity  of  normal 
solution ;  then  well  shake  until  clear.  Next,  one  thousandths 
of  decimal  solution  (=10  grains)  is  to  be  added  as  a  test,  whether 
the  specimen  be  really  above  900  or  not.  If  a  cloud  is  pro- 
duced, showing  that  it  is  so,  nine  more  thousandths,  that  is, 
nine  such  ten-^ain  quantities  may  at  once  be  added,  which  will 
brii^  the  indication  to  910.  The  liquid  is  agtun  to  be  cleared, 
and  another  ten  thousandths  added,  but  only  if  the  first  drop  or 
two  (deUvered  by  just  loosing  the  retaining  finger  from  the  pipette 
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top)  produces  cloud ;  then  the  whole  ia  put  in  and  the  assaj  again 
cleared.  It  is  now  at  920.  The  aame  addition  and  cleariug  is 
^ain  made ;  and  then  a  fourth  :  but  now  this  one,  which  would 
have  brought  the  assay  to  940,  is  found  to  be  too  much ;  and  not 
only  is  this  bo,  but  it  is  almost  certain  that  some  of  the  quantity 
which  made  the  930  was  in  excess.  Hence  it  may  be  assumed 
tb&t  half  is  to  be  taken  off,  leaving  the  number  925  as  an 
approximation. 

Now  the  calculation  for  the  quantity  to  be  taken  for  assay  of 
such  an  approximate  value,  is  one  of  proportion,  thus  stated : — 
Aa  1000  parts  :  925  parts  :  :  10  grains  be  to  the  amount  sought, 
which  will  be  slightly  over  lO'Si  grains.  But  there  are  tables 
calculated  for  these  quantities  in  all  qualities  of  silver,  down 
to  equal  parts  of  silver  and  alloy. 

For  the  actual  assay  a  quantity  rather  in  excess  should  be 
taken,  aa  it  is  better  that  some  thousandths  of  decimal  salt  solu- 
tion should  be  required  rather  than  decimal  nitrate  of  silver,  from 
the  silver  in  the  assay  being  unequal  to  the  neutralizing  of  the 
pipette  of  normal  salt  about  to  be  given  to  it ;  therefore  the  next  step 
would  be  to  weigh  acourately  two  separate  assay  quantities  of  1 0'85 
grains  each,  and  dissolve  them.  The  fumes  of  nitrous  acid  arc 
to  be  blown  out  of  the  bottles,  and  then  the  dose  of  noiToal  salt 
solution  got  ready  for  the  first,  operating  thus  :  the  air-valve  of 
the  cock  being  opened,  a  finger  of  the  left  hand  is  placed  below  the 
point  of  the  pipette  ;  the  cock  is  then  turned,  and  solution  allowed 
to  flow  in  until  the  pipette  is  full,  and  it  reaches  an  inch  or  so 
above  the  full  mark  on  the  stem  ;  the  cock  is  then  shut  off,  and 
next  the  air-valve  closed,  when  the  finger  naay  be  removed  from 
the  beak  of  the  pipette,  for  as  there  is  no  opening  above  the  solu- 
tion it  will  be  retained  without  spilling  a  drop.  The  level  of  the 
salt  solution  is  then  very  carefully  adjusted  to  the  hue,  by  open- 
ing the  mr-valve  slowly  and  cautiously,  and  thus  allowing  the 
excess  to  drop  aa  slowly  into  a  vessel  below.  This  done,  the  air- 
valve  is  closed,  and  one  of  the  aasay-bottles  brought  under  the 
pipette.  Next  the  air-valve  is  completely  opened,  and  the  whole 
of  the  solution  allowed  to  run  into  the  bottle,  leaving  the  laat 
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drop  retained  in  the  beak  b;  capillary  attraction,  as  this,  being  a 
tolerably  constant  quantity,  needs  not  to  be  employed. 

The  duplicate  assay  being  similarly  treated,  the  two  are  next 
well  shaken.  The  French  use  an  apparatus  consisting  of  a 
divided  case  for  containing  some  ten  aasays,  suspended  by  springs, 
which  can  thus  be  put  in  rapid  shaking  motion  ;  but  for  a  small 
Dumber,  an  assistant  will  well  substitute  this.  After  a  minute  or 
BO  of  brisk  motion  they  become  quite  clear.  This  shaking  aots  by 
breaking  up  the  light  curdy  structure  of  the  chloride  and  con- 
densing it,  without  which  it  would  retain  undecompoeed  ai^^entio 
nitrate,  which  would,  by  more  gradual  action  of  the  salt,  tend  to 
maintain  the  cloudiness  of  the  solution  for  a  considerable  time. 

The  decimal  solution  ia  next  brought  forward,  and  a  i&^rain 
quantity  added  to  each  assay,  these  and  all  additions  being 
carefully  noted  and  registered;  if  it  produces  cloud  in  them,  a 
second  is  added,  and  again  cleared ;  then  a  third,  and  so  on,  until 
an  addition  of  one  of  these  produces  no  eETect 

Suf^mae,  then,  that  iu  this  way  six  hare  been  added,  the  last 
(taking  no  effect)  would  not  be  counted  ;  then  it  may  be  assumed 
that  only  half  of  No.  5  was  required,  making  four  and  a  half 
thousandths  only  effective.  Now,  if  the  approximation  of  915 
were  really  correct,  io-8t  parte  (the  calculated  quantity)  of  silver 
would  have  been  exactly  decomposed  by  the  pipette  of  normal 
solution ;  but  as  10-85  ^^'^  taken,  lest  the  first,  estimate  should 
have  overrated  the  quality — or,  in  other  words,  four  thousandths 
too  much  to  ensure  a  sufBciency  of  silver  in  the  assay.  We  must 
look  to  the  table,  and  obtain  the  actual  report  in  the  line  of  lO'Sj 
weight,  and  we  should  there  find  it,  being  between  the  numbers 
given  under  the  fourth  and  fifth  salt  measure  columns.  It  would 
be  actually  9158,  or  just  above  standard  silver. 

A  fen  columns  of  one  of  the  tables  in  use  may  be  here  given 
as  an  example,  and  it  will  be  seen  from  them  that,  with  an 
approximate  report,  we  can  at  once  learn  by  such  a  table  the 
quantity  to  take  for  assay,  as  well  as,  on  the  other  hand,  the 
actual  report  from  the  amount  of  salt  solution  added. 
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The  decimal  solution  of  argentic  nitrate  oomee  into  use  in 
caaea  wherein  an  over-estiroate  has  been  made  by  the  approii- 
mating  asaay ,  and  conaequeutly  after  adding  the  pipette  of  normal 
salt,  the  first  addition  of  decimal  salt  solution  fails  to  produce  any 
cloud.  Under  such  circumstances  the  operator  has  to  work  back, 
adding  decimal  silver  solution  just  as  be  would  have  done  salt 
The  report  is  shown  hj  the  proper  table  when  the  assay  is  done. 
And  there  are  tables  calculated  for  argentic  nitrate  measures,  just 
as  for  the  salt ;  but  in  the  silver  ones,  of  course,  the  report  falls, 
instead  of  rising,  for  each  ten-grain  addition. 

looolh  Meofures  0/  Nitrate  of  Silver  Solution  (DtHtnal). 
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But  assays  thus  worked  back  are  never  bo  satisfactory  as  the 
under-estimated  ones,  and  in  practice  there  is  much  difficulty  in 
getting  them  clear  after  each  small  addition  of  silver.  Hence  Dr. 
Miller,  who  largely  practised  this  wet  method,  advised,  in  cases 
where  silver    is   found    to  be    wanting,    the    addition    of  five- 
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thousandthB  of  the  decimal  silver  Bolutiou  at  once,  and  then 
(preBuming  it  is  etill  not  too  weak)  working  forward  with  salt, 
and  in  the  end,  counting  as  if  these  five-thousandths  had  been  at 
fiist  taken  as  silver  in  the  assay  quantity  dissolved. 

In  conclusioQ  of  this  matter,  it  must  be  borne  in  mind,  that 
mercury  iu  solution  will  be  precipitated  also  as  an  insoluble 
chloride ;  and  hence,  when  that  metal  is  present,  as  it  sometimes 
is,  a  false  report  is  liable  to  be  given.  But  when  merouroue 
chloride  is  mixed  with  the  argentic  chloride  it  is  shown  by  the  chlo- 
ride not  being  blackened  by  hght,  and  thus  means  may  be  taken 
to  remedy  the  possible  error ;  but  where  assays  are  quickly  done 
-this  indication  is  apt  to  be  overlooked.  In  cases  where  its  pre- 
sence is  aacertftined  Gay-Lussao  advises  the  addition  of  a  quantity 
of  Bodic  acetate  before  carrying  out  the  assay,  and  then  proceeding 
as  before. 

In  the  Indian  mints,  where  unskilled  manual  lalwur  is  very 
inexpensive,  and,  moreover,  ample  time  is  allowed  for  the  per- 
formance of  the  assays,  a  process  has  been  perfected  by  the  late 
Mr.  Dodd,  whereby  he  precipitates  the  silver  completely  in  a  light 
glass  flask,  by  adding  at  once  an  excess  of  sodic  chloride  or  hydro- 
chloric acid  to  an  actual  assay  pound  of  silver ;  the  chloride  is 
then  patiently  washed  until  quite  clean,  and  decanted  with  much 
care  into  a  smalt  porous  crucible,  where  it  is  afterwords  perfectly 
dried,  the  manipulation  being  so  carefully  carried  out  as  to  admit 
of  the  removal  of  the  whole  of  the  chloride  in  a  compact  cake  for 
weighing.  The  process  certainly  has  advantages  over  the  French 
one  ;  it  dispenses  with  approximating  assays,  and,  moreover,  admits 
of  a  constant  weight  being  eniployed  :  but,  on  the  other  hand,  it 
is  very  tedious,  requiring  much  care,  especially  in  the  washing 
operation ;  although,  by  the  excellent  arrangement  of  apparatus 
devised  by  Mr.  Dodd,  this  labour  is  facilitated  as  much  as  possible. 
Hence  it  is  unauited  where  quickness  is  an  object  in  carrying  out 
assays,  although  a  very  simple  and  accurate  wot  process. 

In  the  course  of  the  author's  own  practice,  extending  over 
some  years,  he  has  been  in  the  habit  of  employing  at  need  both 
wet  and  dry  processes,  and  often  upon  the  same  assays,  aa  checks 
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the  one  on  the  other,  using,  of  course,  equnl  care  in  each  bb  to 
delicacy  of  mitnipulation  and  necessary  prccautiona.  Both  pro- 
cessea  have  their  advantages,  and  cupellatioii  very  decided  ones, 
while  it  ia  capable  of  great  accuracy  iu  practiced  hands.  The 
variations,  as  ascertained  by  pure  silver  and  other  standard  or 
proof  assays,  are  alwaya  regular  and  constant,  and  most  easily 
compensated.  It  is  unfortunate  that  so  beautiful  an  operation 
should  be  undervalued,  often,  no  doubt,  from  being  employed  by 
very  ujipractised  operators,  and  often  also  with  unfit  apparatuE 
and  arrangementa. 

The  wet  method  has  its  recommendations,  the  chief,  and  a 
very  great  one,  being  its  eaay  application  where  a  number  of 
assays  of  known  similarity  of  composition  have  to  be  tried — coin- 
bare,  for  example,  and  so  alloyed  as  to  be  preaume'I  to  be  aU  of  an 
uniform  standard.  In  sucli  all  the  apparatus,  pipettes,  &o.,  may 
be  specially  adapted  and  graduated  for  their  work,  and  the  whole 
operation  on  a  number  very  quickly  carried  out.  Thus,  the  late 
Dr.  Miller,  who,  as  non-resident  aasayer  to  our  Mint,  had  the 
assaying  of  standard  quality  alone,  has  in  his  Chemistri/  described 
the  apparatus  as  arranged  for  such.  And  if  in  similar  cases  the 
quantity  taken  for  assay  is  such  an  one  as  will  dispense  with 
many  decinml  measurements  after  the  normal  one,  close  results 
may  be  arrived  at.  But  where,  on  the  other  hand,  many  decimal 
measurements  have  to  be  made ;  and  from  variations  of  qualities 
under  one  and  the  same  set  of  operations,  some  assays  may 
require  many  and  other  fewer  additiona,  while,  perhaps,  at  the 
same  time  the  proof  assays  vary  much  from  the  others  in  such 
requirement  of  decimal  additions.  Then  the  small  errors  of 
measurement  which  may  occur  will  multiply  by  their  number 
until  the  t«tal  often  becomes  a  large  error,  and  in  such  circum- 
staucea  not  an  uniform  one  over  the  whole.  Then,  lastly,  in  wet 
assays  compensation  is  not  done  away  with  ;  it  is  equally  needed 
as  in  dry  operations,  varying  ftvm  day  to  day  with  changes  of 
temperature  and  other  changing  conditions  in  the  solutions,  &a. 
employed ;  and  hence  needing  also  one  or  more  check  standards 
to  be  worked  with  the  assays  as  is  judged  advisable. 
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CHAPTER    VIII. 


HOBLE  If  ETAU. 


Gold. 

In  the  early  booka  of  the  Bible,  viz.  those  of  Moseo,  we  find  men- 
tion not  only  made  of  gold,  but  aUusiona  which  show  much 
knowledge  of  the  properties  peculiar  to  that  metal.  Again,  in 
Job,  it  is  Bpoken  of  bb  dust  of  gold,  and  a  metal  which  men  refine  ; 
while,  lastly  the  prophet  Malachi  mentions  this  operation  in  such 
terms  as  to  show  that  it  was  well  understood  in  practice. 

Its  use  as  a  medium  of  value  was  then  a  common  one,  as  at 
the  present  day,  and  ite  domeatio  applications  were  also  the  same, 
viz.  to  decoration,  not  only  of  buildings,  but  for  ornaments  for 
personal  wear ;  and  in  many  of  the  ancient  descriptions,  as  for 
instance,  of  Solomon's  temple,  the  quantities  and  uses  of  the  metal 
seem  almost  &bu]ous.  Thus,  after  describing  quantities  enormous 
in  themaelvea,  we  are  told  that  the  upper  chambers  were  'overlaid 
with  gold,' — an  expression  showing  that  gold-beating  to  some 
extent  must  have  been  understood  by  the  Israelites,  and  we  have 
many  evidences  that  this  latter  art  was  practised  to  perfection  by 
the  Egyptians. 

Vitruvius  again  describes  the  operation  of  amalgamation  in 
nearly  identical  manner  with  our  own  process. 

Oold  is  found  in  nature  in  a  state  vet?  nearly  pure,  being 
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associated  principally  with  silver ;  other  metals  which  are  found 
alloying  it  are  generally  only  in  Tory  small  proportion  indoed. 
But  the  foreign  metals  asBociated  with  it  vary,  and  are  pecuUar  to 
localities ;  thus  Russian  gold  often  contains  platinum ;  Brazilian, 
palladium  ;  in  Hungary  it  is  associated  with  tellurium;  and 
Californian  gold  always  contains  a  large  proportion  of  silver.  The 
beauty  of  the  metal  has  doubtless  always  much  enhanced  its 
popular  estimation ;  when  pure  it  is  of  a  brilliant  rich  yellow 
colour,  its  colour  being  capable  of  much  modification  by  the 
addition  of  aUoys  :  thus,  by  varying  quantities  of  silver  or  copper 
alone,  we  are  enabled  to  obtain  various  shades  of  yellow,  or  even 
green,  as  also  of  red  and  orange.  Gold  is  commonly  used  alloyed, 
for  in  its  natural,  or  fine  state,  it  is  nearly  as  soft  as  lead — a 
property  which,  although  valuable  for  some  of  the  appUcations  of 
the  metal,  renders  it  incapable  of  resisting  anything  like  hard 
wear ;  and  thus  in  its  pure  state  it  is  nearly  useless  for  coin  or 
articles  of  jeweUery. . 

Gold  is,  with  one  exception  (also  of  a  metal,  viz.  platinum), 
the  heaviest  body  in  nature.  Gold  being  about  19}  times  heavier, 
while  platinum  is  zi-J-  times  heavier,  than  water.  Gold  is  very 
generally  distributed  in  nature ;  it  is  found  in  quartz,  running 
in  veins  in  slaty  deports.  This  quartz  may  be  of  a  pure  white, 
but  it  is  commonly  more  or  less  stained  witli  ferric  oxide  from  the 
decomposition  of  sulphide.  The  gold  ia  often  in  the  matrix  in  a 
filiform  condition,  at  other  times  in  granules,  and  occasionally 
crystalline.  But  a  quartz  may  be  largely  productive  in  which  there 
are  no  manifestations  of  the  presence  of  gold.  Indeed  specimens 
in  which  it  is  very  apparent  to  the  eye  are  often  very  disappoint- 
ing in  their  actual  produce. 

Gold  is  at  times  found  in  granite  rooks,  but  where  it  is  found 
in  lai^geet  quantities  it  is  aasociated  with  alluvial  deposits,  pro- 
duced by  the  breaking  up  of  primitive  rooks,  and  consisting  of 
sand  and  gravel  And  the  origin  of  such  deposits  or  diggings 
depends  on  the  disintegration  of  the  rooky  matrix  brought  about  in 
the  lapse  of  time  by  the  action  of  frosts  upon  the  contwned  water 
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which  thuB  splitting  up  tha  rock,  sets  free  the  precious  metal,  BDme- 
timee  in  the  form  of  minute  scales  or  spangles  known  as  gold 
dust,  at  other  in  large  nodular  massefl  designated  as  nuggets. 

The  smaller  portioua  are  carried  down  from  mountainous  dis- 
tricts into  the  riTers,  from  the  sand  of  which  this  dust  is  commonly 
separated,  being  found  in  lai^gest  accumulation  at  the  bends  of  the 
streams.  From  the  earliest  times,  localities  of  the  above  nature 
have  been  discovered  year  by  year,  and  although  many  become 
exhausted,  yet  where  such  older  ones  still  exist  their  reputation 
is  comparatively  lost  in  the  brilliant  discoveries  of  the  few  late 
years. 

The  dust  is  commonly  tolerably  free  from  matrix,  but  the 
nuggets  are  often  more  or  less  mixed  up  with  quartz  and  have  an 
appearance  of  the  metal  and  quartz  having  been  in  a  state  of 
fiision  together :  indeed  the  nuggets  often  present  this  fused 
appearance,  or  they  look  as  if  water  worn  and  so  smoothed  upon  the 
surface.  Crystals  are  occasionally  met  with,  at  times  isolated  in 
the  dust,  at  others  jutting  out  from  masses  of  quartz.  These 
cr3rBtal3  are  almost  always  octohedral,  but  occasionally  in  irregular 
six-sided  tables.  Besides,  these  natural  crystals,  gold  may  also  be 
artificially  crystallised  by  methods  presently  to  be  described. 

Nuggeta  are  found  at  times  of  very  large  size.  Of  two  ot 
these  which  passed  uuder  the  author's  own  examination  one  weighed 
175,  and  the  other  84  troy  pounds.  There  was  a  very  small 
quantity  of  associated  quartz  with  the  former,  and  none  at  all  with 
the  latter,  for  on  melting  it,  the  loss  was  but  a  few  grains,  indeed 
no  more  than  would  have  been  the  case  with  an  equal  weight  of 
refined  gold  in  melting.  A  very  large  nu^;et  was  shown  at  our 
Crystal  Palace  in  1858,  it  weighed  >4S>5  troy  pounds,  but  above 
all  these  ranks  the  famous  Sarah  Sands  nugget  of  133-4  lbs. 
weight.  Most  of  these  masses  have  been  discovered  at  depths 
varying  from  ten  to  forty  feet  below  the  surface,  but  actual 
quartz  mining  is  now  carried  on  at  great  depths.  Foiu*  to  five 
hundred  feet  or  more  being  a  common  depth  for  coming  upon  such 
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Gold  from  the  .name  locality  has  alwajs  a  remarkable  identity 
of  compoeition,  the  amount  of  gold  being  very  uniform.  Thus 
looking  at  the  gold  from  eome  of  the  early  and  celebrated  Aus- 
tralian diggings;  that  found  at  Tambouroura  contained  about 
933  in  the  thousand  ;  Mount  Alexander  gold  960,  and  the  Ovens 
983  per  thousand ;  and  the  variation  in  quality  at  these  and  other 
localities  respectively,  was  exceedingly  alight,  the  nuggets  or 
targe  masses  presenting  the  same  uniformity  of  composition.  Thus 
a  Mount  Alexander  lump  examined  by  me  gave  961  of  gold,  and 
others  ranged  between  this  and  965  parts  in  the  1000. 

The  range  of  quality  of  Australian  may  be  taken  as  between 
930  and  983  parte  gold  in  the  1000. 

Califomian  gold  is  of  much  lower  standard,  the  greater  part 
being  of  trom  86;  to  890  per  1000,  but  it  rises  at  times  aa 
high  aa  930 ;  the  alloying  metal  is  principally  silver,  and  the 
same  remarks  hold  good  as  to  composition.  Again  the  other 
associate  metals  of  both  Australian  and  Califomian  gold  are 
mainly  copper  and  iron.  Some  analyses  may  here  be  given  of 
each  of  these  varieties : — 
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As  to  localities,  all  qucuters  of  the  world  produce  gold ;  and 
in  Europe,  even  our  own  country  has  afforded  small  quantities. 
Thus,  from  time  to  time  it  has  been  met  with  in  Cornwall,  in 
st«am  works  where  tin-mining  is  earned  on.  At  Goombe  Martin, 
near  Ilfracombe,  in  Devon,  from  300  to  +00  persons  were,  at  one 
period,  employed  in  actual  gold-miuiug,  and  it  has  been  stated 
with  very  large  produce,  but  the  statement  is  doubtful  Then, 
in  Cumberland,  Scotland,  and  Ireland,  it  has  been  found. 

In  Lanarkshire,  in  Scotland,  300,000/.  worth  was  procured 
during  the  reigns  of  James  IV.  tmd  V.  of  Scotland ;  and  at  Wick- 
low,  in  Ireland,  the  peasantry  who  discovered  its  existence  gathered 
some  10,000/.  worth.  Mallet  (Phil.  Mag.)  gives  an  analysis  of  the 
gold-producing  river  aand  of  Wicklow  as  containing  giyi  gold 
per  1000,  together  with  61-7  of  silver,  and  7-8  iron. 

About  ten  to  twelve  years  since  the  North  Wales  districts 
began  to  be  fairly  worked  after  failures  previously,  and  for  some 
time  the  Vigra,  Clogau,  and  some  other  mines  promised  some 
yield,  but  the  success  was  very  alight;  and  Phillips  states  that  the 
total  yield  '  from  the  commencement  of  operations  in  the  North 
Wales  gold  district  up  to  April  ist,  1 866,'  was  the  very  moderate 
amount  of  11,800  ozs.  But  that  'Some  further  discoveries  of 
gold  at  Vigra  and  Clogau  have  been  recently  announced.'   Indeed, 
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in  all  the  pliices  just  named  there  has  never  been  any  pnctical 
production  of  gold,  and,  as  the;  may  have  just  about  paid  their 
expenditure,  they  have  afforded  a  tolerably  safe  outlet  for  such 
Bpare  capital  as  is  always  forthcoming  when  asked  for  irom  those 
fond  of  such  speculative  investments,  whose  history  has  generally 
been  that  of  partial  success  sufficient  to  tempt,  but  as  generally 
followed  by  failure  in  the  end. 

Analyses  of  two  samples  of  gold  from  the  Clogau  mine,  and 
also  one  of  gold  dust  from  the  bed  of  the  River  Mawddach,  have 
been  published  by  D.  Forbes:* — 


8489 
'3  1)9 


The  specific  gravity  of  No.  1  was  17-86;  and  of  Na  3,  iS79' 
On  the  Continent,  small  but  unremunerative  quantities  have 
been  found  in  France,  Spain,  Switzerland,  and  the  Rhine  districts. 
But  Hungary  and  Transylvania  actually  produce  about  an  average 
of  70,000?.  worth  yeariy,  from  several  mines-f  In  some  of  these 
mines  the  gold  is  associated  with  argentic  sulphide,  in  others 
vith  auriferous  iron  pyrites.  And  together  with  these  the  im- 
portant adjunct  of  galena,  whose  lead  is  of  the  greatest  use  in 
smelting  these  ores.  All  the  Transylvanian  ores  contain  tel- 
lurium. 

In  Silesia  some  old  mines  have  been  reopened  a  few  years 

•  Plul.  Mag.  Not.  1867. 

t  Phillips  gi'HB  Uuir  JoiDt  prodttce  for  ig6{  at  J395  lbs.  troj,  whieh 
would  b«  of  about  i69,7I«I.  vatu. 
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aince,  and,  although  poor,  worked  to  much  advantage  hy  a  procesB 
which  will  be  hereafter  deeoribed. 

la  Asia,  RuBsia  is  the  only  country  producing  gold.  And  the 
late  Sir  R.  Murduaon  etatea  its  present  produce  at  about  3,000,000/. 
per  annum.  The  minea  in  the  Ural  and  Siberia  contain  the 
metal  in  auriferous  pyrites,  and  RuBsian  gold  ia  often  also  asso- 
ciated with  platinum  and  palladium.  The  largest  amount  is 
procured  from  the  high  ridges  of  Siberia,  which  separate  it  from 
China.  In  the  Ural  it  is  separated  from  a  quartz  ntatrix  obtained 
in  deep  mines  sunk  in  the  rock  itsel£  The  chief  mine  ia  that  of 
BerezOTsk,  at  Ekatherinburg,  but  the  quantity  obtained  is  small 
in  comparison  with  that  from  gold-washing  operations  in  the 
neighbourhood  of  these  districts,  where  alluvial  deposits  containing 
a  large  amount  of  gold  have  been  transported  by  the  agency  of 
water,  detaching  them  from  their  original  position,  and  canying 
them  to  places  where  they  are  obtained. 

Phillips  says  the  gold  in  the  material  operated  upon  does  not 
now  amount  to  more  than  four  to  six  parts  in  a  million,  and  but 
for  the  efficacious  washing  machinery  employed  it  could  not  be 
worked  at  any  profit. 

An  analysis  of  the  quartz  gold  here,  by  Rose,  gives  the  fol- 
lowing composition, — gold  918-8,  silver  80-3,  copper  0-9,  iron  a 
trace. 

The  same  analyst  gives  the  gold  from  the  sand  washings  near 
Ekatherinburg  as — gold  989-6,  silver  i-6,  copper  3-5,  iron  o'5. 

In  India  the  yield  is  not  very  large. 

In  Africa  Ethiopia  furnishes  the  present  supplies,  where  the 
metal  occurs  in  ferruginous  earth  in  spangles ;  and  thus  all  the 
African  gold  received  by  ua  ia  in  the  form  of  dust,  and  obtained 
fh)m  washing  alluvial  soils  upon  the  borders  of  rivers,  aa  well  as 
from  the  ferruginous  earth  and  sand  dredged  fr^im  the  beds. 
These  are  chiefly  hand  washed  by  the  natives,  this  being  dexterously 
done  in  wooden  bowls. 

In  America,  Brazil  in  the  south  fumisbes  a  large  supply  now, 
and  in  Mexico  lai^ge  quantities  are  yearly  separated  from  the  aUver 
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there  obtained.  From  the  years  1600  to  1700  our  sole  supply 
in  Europe  waa  frora  South  America,  and  during  that  century  337 
mUliona  worth  of  the  precious  metals  was  furnished  hence.  From 
tlie  Brazila  the  gold  supplied  is  from  the  same  soil  as  the  African. 
English  companies  work  the  deep  mines  here  :  one  of  these,  the 
Morro  Velho  mine,  of  the  St.  John  d'EI  Rey  Mining  Company, 
is  worked  on  a  very  exten^ve  scale ;  the  ore  is  stamped,  then 
powdered  in  an  arrastre,  and  subsequeatty  amalgamated  in  barrels. 
The  raw  material  affording  about  half  an  ounce  of  gold  per  ton. 
Levol's  analysis  of  Brazilian  gold  is, — 910  gold,  S7  silver,  3  copper 
and  iron.  New  Granada,  Peru,  and  Chili,  produce  a  considerable 
amount.  In  our  British  poBsesatons  of  Canada  and  British  Co- 
lumbia gold  is  found ;  in  the  former,  from  shallow  digging  chiefly 
in  the  neighbourhood  of  the  ChaudiSre  Kiver,  and  there  is  every 
prospect  of  considerable  produce  from  the  deep  quartz  mines  now 
entered  upon  there.  In  British  Columbia  the  large  yields  have 
been  from  Cariboo.  These  golds  much  resemble  the  Califomian 
in  cont^ning  a  lai^e  amount  of  silTer.  An  analysis  of  Canadian 
by  Hunt  gave — gold  8640  to  silver  i36'o.  And  of  Cariboo  gold 
by  Claudet,  842-5  gold  to  i49'o  silver. 

The  chief  American  yield  is  from  the  North,  and  there  from 
a  small  slip  of  country  in  its  south-west  limit,  viz.,  from  Cali- 
fornia. The  Sacramento  Kiver,  and  small  streams  flowing  intu 
it,  are  the  productive  localities  of  that  country ;  the  gold  district 
extending  to  the  Bay  and  Town  of  San  Francisco.  It  is  here 
found  in  deposits  formed  by  the  disintegration  of  quartx  and 
granite,  and  in  the  valleys  and  flats  the  gold  is  mixed  with  gravel 
and  boulders,  these  latter  being  formed  of  quartz. 

The  Califomian  gold  is  principally  carried  to  the  States,  where 
it  is  refined,  and  our  supplies  from  the  fonxier  country  thus  come 
second-hand  to  us,  and  generally  as  refined  gold.  Although  the 
existence  of  gold  in  California  was  known  some  years  before,  yet 
it  was  not  until  i  S48  that  the  fact  was  turned  to  practical  account, 
and  the  collection  of  the  metal  really  commenced.  Phillips  esti- 
mates the  first  year's  produce,  viz.,   1848,  at  10,000,000  dollars. 
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This  increasod  to  6;,ooo,ooo  in  iS$},  and  thence  as  steadily  fell 
itgain  to  16,500,000  in  |S66.  He  Bays  the  produce  of  these  nine- 
teen years  had  a  value  of  836,00,0000  dollars  (=  174,166,666/.). 
One-third  being  from  quartz  mining,  and  the  remaining  two- 
thirds  procured  from  shallow  deposits  and  hydraulic  mines,  that  is 
to  say,  from  washing  down  the  banks  of  earth  wherein'  the  metal 
it  found  by  means  of  strong  streams  of  water  directed  upon  them 
by  a  hose ;  the  water  being  brought  from  neighbouring  lakes  by 
oanals,  into  proper  receptacles  for  the  purpose. 

The  quartz  mines  in  Califumia  are  worked  to  a  great  depth, 
one  of  the  chief,  viz.,  the  Eureka,  is  about  4.00  feet  deep. 

About  four  years  after  the  discovery  of  the  Califomian  mines 
the  Eastern  Australian  gold  fields  came  to  light,  the  information 
being  first  practically  afforded  by  a  Mr.  Haigreaves,  in  April  1 8 ;  1 ; 
but  it  had  been  prophesied  some  ten  years  previously  by  the 
Rev.  W.  Clarke,  during  some  geological  explorations,  and  again, 
in  16 ji,  by  Sir  R.  Murchison. 

When  first  found  here,  the  quantities  obtained  at  Ballarat  and 
other  places  were  so  fabulous,  that  it  is  not  very  Burprising  that 
Australian  society  was  almost  in  a  state  of  disorganisation,  or  that 
so  great  a  sensation  was  created  in  our  own  country  that  a  con- 
tinual rush  of  all  classes  of  persons  emigrated  to  the  colony. 
For  it  was  not  uncommon  for  diggers  in  one  week  to  obtain  from 
looof.  to  i^aol.  worth  of  gold  by  ordinary  working ;  and  in  (me 
ease,  well  known  to  the  author,  a  party  of  three  obtained  lolba. 
weight  of  gold  dust  in  one  day.  Then,  ^ain,  as  a  rarer  example, 
three  English  sailorB,  who  were  digging  with  pretty  good  general 
!tucoess,  at  the  close  of  one  day's  work  came  aocidentllay  down 
upon  the  nugget,  already  mentioned,  which  weighed  no  less  than 
i7;lbs.  and  was  by  them  brought  to  England  for  sale. 

The  gold  hero  is  always  moro  or  less  associated  with  quartz, 
and  generally  lies  upon  a  yellowish-brown  rock,  being  found  at 
depths  varying  from  14  to  40  feet  from  the  surface.  It  is  main- 
tained by  some,  tbat  at  great  depths  thera  ore  unlimited  sup- 
plies, and  that  the  gold  found  in  allavial  deposits  and  rivers  bs;^ 
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in  aU  probability,  beea  deposited  there  by  Toloamc  action.  And 
upon  this  theoi;  operations  vera  soon  experimentally  made  in 
Australiei  for  deep  quartz  mining,  and  at  the  present  time  aomc 
quartz  reefe  are  worked  to  5°°  feet  in  depth  or  even  more,  and 
and  with  no  decrease  in  their  yield. 

Victoria  has  been  the  chief  producer  of  gold ;  indeed  fai' 
beyond  any  other  part  of  Australia,  and  here,  as  at  all  diggings, 
it  was  obtained  rapidly  at  first  by  surface-work,  but  as  diners 
increased,  and  surface  material  was  exhausted,  ao  working  he- 
came  deeper  and  deeper,  until  at  the  present  time  it  is  chiefly 
deep  quartz  mining  that  is  carried  on ;  and  this  is  especiaUy  true 
of  the  once  &mous  diggings  of  Ballarat  and  Bendigo,  where  the 
whole  soil,  abounding  as  it  did  in  the  precious  metal,  has  been 
removed  for  its  extraction,  until  the  quarts  rock  is  now  being 
worked.  The  cost  of  working  pw  ton  is  according  to  Phillips 
about  16s.  4d  at  Victoria ;  and  he  says  that  it  is  although  fluctu- 
ating highly  remunerative,  and  *  presents  an  attractive  field  for  the 
investment  of  capital  in  this  department  of  industry.'  The  year 
1 8;  I  was  that  in  which  the  great  influx  to  the  colony  of  Victoria 
took  place,  and  gold  digging  was  the  pursuit  of  all,  and  was  more 
or  less  fluctuating  in  produce  and  yield.  In  estimating  the  quan- 
tity of  gold  obtained,  it  will  be  fairer  to  take  a  period,  say  of  ten 
years' production  from  1854  to  rS64.  During  this  period  about 
S5,87j,34$  ozs.  were  shipped,  which  at  4^.  per  oz.  (a  fair  average 
price  for  Australian  gold)  would  amount  to  toj,^oi,jSoL  But  in 
this  calculation,  no  estimate  is  attempted  of  small  amounts  retained 
by  their  owners,  and  also  of  quantities  transmitted  elsewhere ;  nor 
indeed  of  the  large  amounts  coined  in  the  colony  for  home  use 
there,  which  together  would  very  considerably  swell  the  estimate 
above  made. 

Although  gold  was  discovered  in  New  Zealand  in  1 842,  it  was 
not  until  about  i8s8  that  any  really  practical  move  was  made  in 
gold-mining  there;  after  which  time  small  quantities  were  obtained 
in  England  from  thence  at  intervals.  But  in  1861  and  1863,  so 
many  encouraging  discoveries,  botii  as  to  localities  and  preduoe, 
were  made,  that  the  oolony  began  to  be  looked  upon  as  ranking 
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high  in  the  gold  regions  of  the  world.  The  province  of  Otago  is 
the  chief  amongst  a  number  of  other  placea  It  is  here  obttuned 
fcota  alluvial  soils,  aad  from  river  workings.  At  the  present  time 
quartz-mining  ia  also  carried  od,  and  at  Waipori  more  particukrly, 
and  from  advices  received  during  the  past  year  the  prospects  of 
yield  from  qiiartz  working  are  exceedingly  good.  The  New  Zea- 
land yield  may  be  roughly  estimated  at  about  ;oo,ooo  ozs. 
annually. 

Phillips  gives  a  useful  table  of  the  gold  production  over  the 
world."  In  this  he  shows  the  total  production  for  the  year  iSoo 
as  being  S3'9+°  ^^-  troyi  for  iSjo,  345,250  lbs.  for  i860, 
585,370  lbs.,  and  for  1865,  559,587  lbs.  Then  taking  the  latter 
year  and  calling  the  total  yield  1000  parts,  of  this  California  and 
the  neighbouring  States  yielded  375  parts;  Australia,  279;  the 
Russian  Empire,  1 24 ;  New  Zealand,  74  ;  Chili,  Bolivia,  Peru, 
New  Granada,  and  Brazil  jointly,  61  ;  Southern  Asia,  45  ;  British 
Columbia,  11  ;  Austrian  Empire,  10  ;  Africa,  7  ;  and  Nova  Scotia, 
4  parts. 

The  operations  of  the  Austr^tao  gold-digger  will  show  how 
much  the  working  of  gold-mining  is  purely  mechanical ;  for  in  the 
shallow  diggings  the  metal  is  associated  with  alluvial  materials, 
such  as  clay,  gravel,  sand,  &c. ;  and  as  these  vary  very  much  in 
specific  gravity,  they  need  but  some  judicious  method  of  treatment 
with  water,  completely  to  separate  the  heavy  metal  from  the 
lighter  earthy  matters. 

In  early  times  of  newly  diacovered  gold  districtii,  a  party  of 
<ligg«™.  after  opening  the  ground,  commence  operations  by  what 
they  call  '  prospecting '  the  soil.  This  is  eifeoted  by  taking  up 
portions  in  a  shallow  basin,  and  adding  water ;  then  by  well 
shaking,  the  earthy  portions  may  be  suspended,  and  ultimately 
washed  off.  The  portion  of  metal  left  in  the  bottom  of  the  basin, 
if  any,  shows  them  whether  the  spot  is  rich  enough  to  pay 
the  working.  The  metal  was  usually  found  largely  upon  or  very 
near  to  the  surface,  but  at  times  covered  with  sand  or. gravel  so  as 

•  PhiMipn-a  Mining  a«J  3felaa«rgf  of  Ontil  and  Siln-r,  fagf.  ii;. 


GOLD.  til 

tu  need  some  excavation,  and  hence  the  opertttionH  of  tlie  digger, 
although  carried  out  occaaionallj  singly,  were  so  done  at  disadvan- 
tage, and  therefore  a  party  of  two,  three,  or  eren  four,  worked 
more  economically.  Supposing  then  the  selected  spot  be  pro- 
mising the  digging  is  carried  on,  and  the  earth  either  washed  in  the 
basin  just  mentioned ;  or  else  if  the  party  conaiats  of  four  or  more 
men,  a  machine  called  '  a  cradle ' 
is  employed.  This  is  a  long 
trough  of  some  7  ft.  iu  length, 
and  2  broad  ;  across  the  bottom 
of  this  several  bars  are  nailed  at 
equal  distances,  and  at  the  upper 
end  a  kind  of  sieve  is  fixed  at 
riiout  a  foot  above  the  bottom. 
This  whole  arrangement  is 
mounted  upon  rollers. 

One  man  digs  out  the  earth 
fix>m  the  hole,  a  second  supplies 

the  cradle  sieve  with  this  auriferous  earth,  a  third  keeps  up  a 
supply  of  water,  which  he  pours  upon  the  earth  in  the  sieve,  while 
a  fourth  keeps  the  machine  continually  moving  upon  the  rollers. 
The  large  atones  waahed  out  are  removed  by  hand  irom  the  ueve, 
and  the  water,  at  the  same  time,  washes  the  smaller  through, 
which  is  slowly  carried  towards  the  lower  end  of  the  trough  by  a 
slight  inclination  being  given  to  the  whole.  Thus  the  flow  of 
water  tends  to  keep  the  earthy  particles  in  suspension  so  as  to 
allow  of  their  washing  off,  while  the  heavier  portions  of  gold  are 
obstructed  in  their  flow,  and  retained  against  the  cross  bars  fixed 
to  the  cradle  bottom.  These  are  removed  irom  time  to  time  and 
dried  in  the  sun,  when,  after  blowing  away  lighter  particles,  the 
metal  only  further  requires  to  be  melted. 

Such  was  the  simple  operation  where  no  clay  was  mixed  with 
the  materia],  but  most  of  the  Australian  fields  abound  in  stiff 
clay,  hence  a  preparatory  step  is  needed  to  disintegrate  this  and 
free  the  metal,  &c.  Thb  is  efiiscted  by  washing  the  dirt  in  a  large 
puddling  tub,  which  is  half  filled  with  the  material,  and  water 
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then  baled  in.  It  is  then  conetantly  stirred  with  shovels  or  some 
reTolving  arms  until  the  clay  is  diffused,  and  the  metal  and  stones 
set  free,  after  vhich  they  are  cradled. 

The  '  pay  dirt,'  as  it  is  termed,  is  followed  to  various  depths, 
and  I  remember  questioning  a  digger  who  was  having  some  300 
0Z8.  of  dust  melted,  as  to  the  position  iu  which  he  had  found  it 
He  had  worked  single-handed,  and  as  he  atud  in  rather  a  cooler 
place  than  the  meltiog-house,  for  he  had  obtained  the  bulk  of  it  at 
a  depth  of  20  feet  in  a  small  hole,  and  up  'to  bis  waist  in  mud.' 

A  single-handed  digger  will  sometimes  wash  entirely  with  the 
pan,  throwing  in  the  puddled  material,  and  then  by  giving  it  & 
dextcrouA  motion  with  water,  something  between  shaking  and 
rotation,  will  manage  to  pour  off  smaller  earthy  particles,  so  as  to 
be  able  to  separate  the  metal  from  the  larger.  In  all  oases  & 
large  quantity  of  water  is  needed,  evety  hundredweight  will 
require  ftdly  ;o  gallons  of  water.  Where  the  dirt  is  very  rich  and 
water  scarce,  the  former  is  frequently  separated  by  land ;  after  non^ 
breaking  up  well,  the  stony  and  earthy  parts  are  picked  out,  and 
then  the  last  and  lighter  portion  blown  away  so  aa  to  leave  the 
metallic  portion  alone. 

In  cradle-washing  the  rifQe  bars  across  the  bottom  of  the 
cradle  forming  the  retaining  angles  for  the  metal,  are  liable  to  be 
levelled  by  the  san^  flowing  over,  and  thus  the  obstructing  angles 
done  away  with  ;  hence  they  must  be  cleared  out  from  time  to 
time  during  working  or  there  will  be  much  waste  from  the  flowing 
away  of  smaller  particles  of  metal,  and  thus  much  of  the  retiise  of 
the  early  Australian  diggers,  who  worked  when  the  yield  was  moat 
profuse,  has  been  agun  worked  with  considerable  profit. 

The  operation  above  described  is  in  principle  just  what  is  car- 
ried on  in  all  localities  where  gold-dust  is  collected,  the  differences 
being  only  slight  ones  of  manipulation. 

Thus  in  some  of  the  river-washings  the  sand  is  raised  from  the 
bottom  much  in  the  way  that  ballast  is  dredged  from  the  Thames. 
The  sand  being  received  in  boats  is  then  band-washed  in  small 
wooden  bowls,  just  to  a  certain  point  of  cleansing ;  beyond  this,  as 
the  metallic  particles  are  vety  fine,  loss  would  arise  &om  their 
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pouriag  away  with  the  smaller  sandy  particles  ;  bo  the  produce  is 
finally  washed  in  vesseb  or  tubs  upon  the  shore,  after  which  the 
whole  residue  is  treated  with  mercury,  which  amalgamates  with 
and  dissolves  the  gold,  so  as  to  admit  of  the  final  separation  of 
foreign  matters  :  the  amalgam  being  finally  heated  to  distil  off  the 
mercury. 

But  the  chief  supply  of  gold  is  now  obtained  by  the  more 
systematic  working  of  the  quartz  rock  containing  it.  This  is 
subjected  to  crushing,  and  is  afterwards  stamped  and  ground  'to 
powder.  This  powder  is  then  treated  with  mercury,  and  from  the 
amalgam  obtained  the  gold  subsequently  separated. 

But  mercury  is  also,  at  times,  employed  in  the  separation  of 
gold  ttova  the  ordinary  washing  dirt,  for  not  only  may  the  ordinary 
mechanical  washing  fail  to  separate  particles  of  metallic  bodies 
having  a  tolerably  high  specific  gravity,  but  at  the  same  time  very 
fine  particles  of  gold  may,  from  their  small  or  scaly  form,  be 
washed  away.  For  these  and  other  reasons  what  is  termed  sluice- 
washing  is  often  resorted  to.  The  sluice  is  formed  by  a  series  of 
wooden  troughs  of  about  i  o  to  1 2  feet  long  ;  each  one  placed  at  a 
slight  inclination,  its  lowest  end  passing  on  to  the  higher  one  of  the 
next  trough  so  as  to  deliver  the  stream  &irly  upon  it  At  inter- 
vals retaining  bars  for  the  metal,  mercury,  and  amalgam,  are  fixed 
either  crosaways,  or  at  varying  angles  to  the  sides.  These  are 
called  riffles.  In  using  the  arrangement,  the  dirt  is  shovelled  on 
at  the  top  of  the  first  trough,  and  then  a  good  stream  of  water 
kept  flowing  down  to  disintegrate  it,  and  wash  it  on  down  the 
course  of  the  sluice.  After  a  time  the  requisite  quantity  of  mer- 
cury b  poured  on  at  the  upper  part,  which  flows  down  and  is  re- 
tained in  the  angles  formed  by  the  riffle  bars.  Any  larger  por- 
tions of  gold,  or  lai^  atones,  or  quartz  boulders,  are  removed  by 
hand  or  separated,  the  smaller  portions  of  precious  metals  flowing 
on  to  the  mercuiy,  amalgamate  with  it;  while  the  earthy  por- 
tions of  the  stuff  wash  down  from  division  to  division,  until  at  last 
they  flow  ofi'as  mud  or  '  sUmee,'  all  but,  if  not  entirely,  free  from 
gold,  if  the  arrangement  has  been  good  as  to  length,  slope,  supply 
of  water,  and  of  mercury.    The  arrangement  is  separated  from 
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time  to  time ;  the  amalgam  and  metallic  portions  recoTered,  and 
the  whole  cleansed  ttom  earthy  matters,  and  again  put  together 
for  use.  Id  order  to  ensure  retention  of  all,  and  especially  of  the 
Yory  minute  portions  of  gold,  as  also  to  save  mercury,  a  large 
amalgamated  copper-plate  is  at  times  placed  upon  the  floor  of  the 
trough,  so  that  the  washing  waters  shall  pass  over  it ;  this  usually 
retains  all  the  smaller  particles,  which  thicken  the  adherent  mer- 
cury. When  this  is  the  case  the  plate  is  removed  from  time  to 
time,  the  thick  amalgam  heated  off,  and  some  fresh  mercury  put 
upon  it  for  further  working  in  the  same  way. 

In  the  working  of  gold-quartz  the  first  step  is,  of  course,  crush- 
ing, so  as  to  liberate  the  enclosed  metal,  and  in  the  earlier 
machines,  as  those  of  Berdan,  Perkes,  and  others,  this  was  effected, 
and  amalgamation  simultaneously  carried  on.  These  machines 
were  but  modifications  of  the  Meiican  arrastre  (see  fig.  32),  which 
is  often  employed  in  gold  mining  also,  and  in  all  these  the  mer- 
cury is  put  into  the  machine,  so  that  while  grinding  amalgamation 
is  at  once  effected.  Berdan's  miU  was  an  iron  chamber  in  which 
some  iron  balls  rolled  round  an  axis  ;  and  Perkes's  differed  only  in 
his  employing  cones  for  balls,  the  cones  revolving  on  their  side, 
their  apices  pointing  inward  toward  the  centre. 

But  the  more  common  practice  is  to  break  up  the  quartz,  first 
coarsely,  and  perhaps  there  is  no  better  machine  for  this  first 
operation  than  the  one  here  figured. 


It  consists  of  two  rollers  of  cast-iron,  moving  as  in  the  ordinary 
flatting-mill,  but  in  perpendicular  bearings,  which  by  shding  in  a 
groove   on  each   side,   admit  of  the  adjustment  of  rollers  as  to 
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distanoe  apart.  A  long  lever  acts  upon  the  bearingg  of  one  roller 
by  its  own  weight,  joined  to  that  of  a  tolerably  heavy  one  ena- 
pended  upon  it  It  presaea  the  roller  forward,  and  also  allows  of 
a  little  separation,  so  that  pieces  which  resist  breaking,  from  their 
size  or  hardness,  will  pass  through.  This  elastic  power  also  admits 
of  regulation  by  adding  to  the  weight,  or  removing  it  nearer  or 
further  from  the  end  of  the  lever.  The  crushed  matters  pass 
through  a  strong  sieve,  so  as  to  separate  the  large  portions  for  a 
second  crushing.  The  finer  parts  are  then  stamped,  in  similar 
stamping-millB  to  those  used  in  the  Mexican  silver-works.  In  the 
single  stamp  here  figured,  a  is 
the  iron  chest  in  which  it 
works,  b  the  stamp  head,  of 
iron,  also,  c  the  shaft  on  which 
the  boss,  d,  is  placed  in  order 
that  it  may  be  lifted  by  the 
cam,  «,  placed  on  the  motion 
axis  of  the  machine.  These 
cams  are  so  ranged  round  the 
axis  as  to  lift  the  stamps 
alternately ;  for  a  series  of 
stamps  are  arranged  in  each 
mill,  side  by  side,  generally 
five  to  each  battery.  The 
stamps  are  required  of  con- 
siderably heavier  weight  for 
gold-quartz  than  for  silver 
ores,  hence  they  are  seldom 
less  than  ;  cwt  each,  and  may 
range  up  even  to  8  cwt.  A  grinding  motion  is  sometimes  ob' 
tained  by  causing  the  stamp  in  descending  to  rotate  partially  as 
it  falls.  Meroury  fbr  amalgamation  is,  at  times,  put  into  the 
stamping-mill,  but  moro  commonly  this  operation  is  effected  in  a 
separate  apparatus ;  and  any  finer  grinding,  if  found  needful,  is 
also  done  in  the  machine  where  the  amalgamation  is  carried  out. 
Some  washing  is  necessary,  especially  if  the  quarts  be  poor,  iu 
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order  to  get  rid  of  valuelesa  portions,  and  thus  coDoeutnte  the 
gold,  and  bring  it  more  under  the  influence  of  the  mercury.  It  is 
usually  performed  upon  blankets  stretched  upon  a  frame.  At  one 
of  the  Welsh  mines,  the  Cwneisen,  the  first  blanket  was  1 1  f^t 
long,  and  about  i6  iaches  wide,  with  one  inch  fall  in  the  1 1  feet. 
The  material  then  passed  to  a  second  of  7  feet  long,  but  almost 
all  the  gold  was  retained  upon  the  first  If  these  blankets  are 
used  too  wide,  in  proportion  to  their  length,  it  is  not  easy  to  make 
the  water  flow  uniformly  over  the  woollen  surface.  After  a  time 
of  working  the  blankets  are  removed  and  washed  in  a  tank,  so  as 
to  remove  the  more  auriferous  material,  which  if  allowed  to  re- 
main too  long  without  removal,  completely  obliterates  the  woollen 
fibrous  surface,  and  so  defeate  the  intention  of  their  use.  But  in 
the  use  of  these  blanket-boards,  there  is  always  a  certain  portion 
of  metal  in  so  fine  a  condition  as  to  wash  throughout  the  length, 
and  which  would  finally  escape,  without  some  further  means  of 
retaining  them  ;  for  this  object,  therefore,  amalgamated  plates  are 
again  (as  in  ordinaiy  sluice-washing)  often  placed  at  the  end  of 
the  arrangement,  in  passing  over  which  these  smaller  portions  are 
arrested  and  retained  by  amalgamation.  Lastly,  there  is  alwa;^  a 
quantity  of  fine  matter  in  the  state  of  iron  sulphides,  which  washes 
ofi',  but  yet  conttuns  a  notable  quantity  of  gold,  and  is  therefore 
retained  and  reserved  for  further  treatment. 

The  nest  step  is  the  amalgamation  of  the  gold  in  this  ground 
and  concentrated  material,  and  many  forma  of  apparatus  are  in 
use  for  this  purpose.  The  requisites  being  a  certain  amount  of 
grinding  power,  sufficient  speed  to  stir  well,  and  also  some  oentri- 
ftigal  action,  so  as  to  aid  amalgamation.  And  the  mercury  should 
be  so  disposed  as  to  avoid,  as  much  as  possible,  too  much  grinding 
action  being  exerted  upon  it,  for  '  flouring '  of  the  mercury,  that  is, 
bringing  it  into  too  fine  a  state  of  division,  is  to  be  avoided. 

A  very  excellent  amalgamating  apparatus  is  in  use,  which  will 
well  illustrate  the  requisites  of  such  a  machina  It  consiste  of  a 
series  of  cast-iron  pans,  mounted  upon  separate  strong  tebles,  and 
arranged  one  above  another,  at  such  heights,  as  that  when  the 
first  one  is  filled,  any  overplus  flowing  into  it  may  flow  by  a  spout 
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into  the  second,  and  eimilarly  from  the  second  into  the  third,  and 
BO  on.  The  centre  of  the  outing  is  oarried  up  in  a  tube  which  is 
arranged  so  as  to  allow  of  the  passage  of  the  axis  of  the  moving  part 
of  the  machine  up  this ;  this  axis  is  centred  below  in  the  base  of  the 
machine ;  just  aboTe  the  centre  is  placed  a  large  toothed  wheel, 
which  engages  and  driveB  a  similar  one  on  the  second,  and  so  on 
throughout  the  series.     To  the  upper  end  of  this  axis  is  fixed  an 
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arm,  or  collar  from  the  circumference  of  which  pass  down  iron 
rods,  and  to  the  lower  ends  of  the  latter  a  large  wooden  mnller  la 
screwed  ;  this  has  externally  the  form  of  the  interior  of  the  iron 
pan,  but  internally  it  is  turned  out  conioally,  or  basin-shaped,  to  a 
centre  hole,  which  admits  of  rather  more  than  the  passage  of  the 
central  tubular  part  of  the  basin ;  on  the  under  side  of  this  several 
projecting  pieces  are  fitted,  which  nearly  touch  the  bottom  of  the 
baain. 

The  machine  is  thus  used : — ^Mercury  is  put  into  the  outer 
baun,  to  the  extent  of  about  half  an  inch  in  depth,  then  the 
auriferous  material  (which  in  the  localities  where  these  machines 
are  employed  is  an  auriferous  iron  pyrites)  is  made  into  a  kind  of 
mud  with  water,  and  allowed  to  flow  into  the  first,  or  upper 
machine  by  a  spout  being  oonduoted  into  the  centre  cavity  of  the 
muUer ;  passing  down  through  the  centre  opening,  it  oomee  in 
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contact  with  the  mercury,  and  by  rotation  is  well  miied  up  with 
it ;  the  apparatns  filling,  it  oveiflows  and  pasaee  by  the  next  epout 
into  the  Bcoond,  where  the  same  operation  goes  on  ;  and  thus,  in 
like  manner,  through  all  the  set,  all  being  charged  first  with 
mercury.  ThuB  the  particles  of  gold  are  disBolved  in  this  mercury, 
and  the  operation  is  continued,  but  still  employing  the  same  metal 
in  each  machine,  until  it  has  taken  up  about  a  third  of  its  weight 
of  gold,  and  begins  to  lose  its  fluid  state.  The  mercury  is  then 
drawn  off,  and  all  excess  squeezed  away  by  pressing  it  through 
leather  bags  ;  thus  a  semi-solid  amalgam  is  obtained. 

Phillips  describes  and  figures  a  very  simple  apparatus  for  amal- 
gamation employed  in  California,  and  contrived  by  Mr.  Attwood.* 

At  the  upper  part  of  an  inclined  plane  of  about  9  feet  in 
length  is  a  trough,  above  which  is  plooed  a  hopper  for  containing 
auriferous  sand  (washed).  Crossing  are  placed  two  rollers  of  wood, 
each  about  S  inches  in  diameter  by  i  feet  long ;  these  revolve  by 
bands  and  pulleys  in  the  same  direction,  but  contrary  to  the 
course  of  matters  flowing  over  the  arrangement  Upon  their  cir- 
cumference are  fixed  a  number  of  slips  of  iron,  which,  like  knives, 
work  in  a  cistern  of  mercury  during  revolution  of  the  cylinders. 
In  use,  the  washed  auriferous  sand  is  allowed  to  pass  in  &om  the 
hopper,  and  with  it  a  stream  of  warm  water;  thus  it  is  carried 
under  the  rollers,  and  by  the  arms  stirred  in  contact  with  the 
mercury.  It  then  traverses  the  inclined  plane  or  rifSe  board, 
which  latt«r  is  divided  into  several  channels,  and  provided  with 
movable  plates  of  amalgamated  copper,  to  which  the  gold  amalgam 
formed  as  above,  can  attach  itself,  and  be  removed  from  time  to 
time ;  while  the  surplus  material  flowing  off  and  yet  containing 
some  gold,  is  reberred  for  iurther  treatment  in  fitting  apparatus. 

This  amalgam  may  be  distilled  in  a  precisely  similar  way  to 
the  silver  amalgam  described  already.  The  common  method  of 
treatment  consists  in  squeezing  it  into  masses,  and  introducing 
into  any  convenient  shaped  retort,  and  there  is  none  better  than 
a  flanged  iron  orueible.     The  amalgam  is  put  in  this,  and  a  cover 

•  PhiUipb'a  MrlnHwrgf  of  Gold  md  Silver,  page  1 J4. 
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provided  with  an  eduction  pipe  fixed  on  and  luted.  This  pipe 
paeaea  to  a  veaael  of  oondenaing  water,  and  ia  carried  into  it  by 
means  of  a  canvas  tube  passing  under  the  surface ;  this  elongation 
act«  as  a  aafety-tube,  to  prevent  the  wat«r  flowing  back  into  the 
retort  in  caae  of  accidental  vacuum  forming  therein. 

The  retort  ia  plunged  into  any  ordinary  fiimaco,  and  heat  care- 
fully got  up,  the  temperature  being  kept  down  to  that  which  will 
just  diatil  off  the  mefcury,  without  any  partial  fiuion  of  the  spongy 
gold ;  for  if  the  latter  occurs  it  ia  sure  to  stick  to  the  rough  sur- 
face of  the  iron  retort ;  but  to  guard  against  thia  accident  it  is 
better  before  charging  in,  to  smear  the  interior  over  with  wetted 
lire  lute,  as  also  to  keep  the  heat  below  dull  redness.  Indeed,  to 
thoroughly  free  the  spongy  amalgam  from  the  last  traces  of 
mercury,  a  long-continued  low  temperature  is  needed ;  a  higher 
and  quicker  heating,  contracting  the  sponge  too  quickly  and 
rendering  it  liable  to  retain  traces  of  mercury. 

The  gold  ia  thus  left  associated  with  the  non-volatile  alloys 
which  existed  with  it  in  the  quartz,  and  occasionally  also  with 
traces  of  retained  mercury,  where  the  retort  operation  has  been 
carelessly  earned  out  It  ia  now  ready  for  melting,  during  which 
operation  these  traces  of  mercury  may  be  driven  off. 

The  melting  of  the  metal  into  bars  is  an  operation  which  re- 
quires some  skill  and  experience,  more  especially  where  the  material 
operated  upon  ia  gold-dust  obtained  by  mechanical  washing.  For 
this  latter  is  oFl«n  mixed  with  small  quantities  of  foreign  metals 
which  would,  by  melting  with  the  gold,  much  destroy  some  of  its 
characteristic  and  valuable  properties.  Some  of  the  flner  qualities 
of  the  Australian  gold  have  often  amall  portions  of  tin  and  anti- 
mony mixed  with  them,  aufGcient  to  render  some  refining  opera- 
tions necessary  before  working,  but  which,  by  proper  precaution 
in  melting,  may  be  got  rid  of  without.  In  the  melting-house  the 
pots  generally  used  are  of  black-lead  ware,  for  the  molten  metal  is 
both  denae  and  valuable,  hence  a  fractured  pot  ia  a  aerious  matter, 
and  one  which  ia  sure  to  occasion  more  or  less  loss.  These  pots 
should  be  annealed  before  using,  by  turning  them  mouth  down- 
wards in  the  fire.     The  dust  is  then  put  into  a  oopper  scoop  and 
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from  it  poured  into  the  pot,  the  latter  is  then  put  into  the  fiimnce 
sad  heated  up ;  this  part  of  the  operation  should  not  be  hurried, 
but  the  metal  got  into  good  circulation,  and  then  carefully  stirred 
with  exposure  to  the  air.  If  there  ie  any  expectation  of  Buoh 
metals  as  those  mentioned  being  present,  a  little  nitre  may  be 
added  as  a  flux  for  their  oxidation.  Borax,  too,  is  generally  added, 
and  after  all,  a  little  bone-ash  to  cleanse  the  surface.  Lastly, 
the  metal,  being  well  fluid,  is  to  be  poured  into  &  greased  ingot- 
mould. 

The  bone-ash  acts  as  an  ordinary  sponge  by  absorbing  other 
liquid  fluxes  (as  borax),  and  with  them  any  impurities  they  may 
have  dissolved. 

Amalgamation  ia  sometimes  found  difficult  to  effect  in  some 
oases  where  the  surface  Of  the  gold  is  altered,  from  the  presence 
of  bodies  like  arsenic,  tellurium,  or  sulphur  especially.  The 
presence  of  the  smallest  traoe  of  sulphur  has  lately  been  shown* 
experimentally  to  quite  prevent  amalgamation,  as  it  combines  with 
the  gold,  giving  it  a  surface  of  auric  sulphide.  In  such  it  has 
been  proposed  to  add  to  the  mercury  to  be  used  n  small  quantity 
of  an  amalgam  of  mercury  with  sodium.  Wurtz,  of  New  YortE, 
and  Crookee,  of  London,  appear  to  have  made  this  discovery  about 
the  same  time ;  and  both  find  that  somewhere  about  4  per  cent  of 
sodium  combines  with  mercury  into  a  hard,  brittle  amalgam. 

Wurtz's  amalgams  are  simply  mixtures  of  the  two  metals  and 
in  the  proportions  ot  z  Na  +  98  Hg,  and  of  4  Na  +  96  Hg,  and  in 
using,  one  or  other  of  these  qualities  is  dissolved,  in  the  proportion 
of  one  part  of  it  to  1 00  parts  of  mercury ;  or  even  in  smaller 
proportion.  By  this  addition  the  mercury  is  said  at  once  to 
adhere  to  metals,  which  would  not  even  have  been  wetted  by  it,  if 
used  without  the  amalgam. 

Crookes  employs  three  kinds,  and  designates  them  as  A,  B,  and 
C  amalgama  In  each,  he  uses  the  same  quantity  of  sodium,  vis. 
3  parts  per  cent  Thus  bis  A  amalgam  is  97  mercuiy  to  3 
sodium.     B  is  77  of  mercury  to  j  of  sodium,  but  with  20  of  lino ; 

*  Slaj,  Chtmi.  tftw*,  s},  paga  177. 
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and  C  IB  77  mercuiy  to  3  aodium,  with  10  of  eino  and  10  of  tin. 
Crooks'  method  of  making  them  ia  as  follows:  —  He  beds  a 
strong  iron  flask,  having  a  small  neck,  nearly  up  to  its  mouth  in  a 
Band-bath,  and  then  heaU  it  to  ]oo°  F.  :=  149°  C.  Having  put 
the  weight  of  mercury  into  the  fleak,  he  adds  the  sodium  in  pieces 
of  the  size  of  a  pea,  and  as  violent  action  follows  each  portion, 
after  adding  a  lump,  he  wEuts  till  it  is  over  before  each  fresh 
addition.  In  dropping  the  sodium  in  with  tongs,  the  hand  being 
covered  with  a  cloth,  a  sUght  explosion  ia  heardf  and  flame  issues 
from  the  mouth,  which  lessens  as  the  mercury  becomes  charged 
with  sodium.  When  the  quantity  has  been  added,  the  contents  of 
the  flask  are  poured  out  on  a  flat  dish,  and  when  cold,  the  cake  is 
broken  up  and  preserved  in  a  well-stopped  bottle.  Naphtha  is  not 
needed  for  its  preservation.  It  forms  a  mass  of  brilliant,  needle- 
shaped  crystals,  bbving  but  slight  cohesion.  In  forming  B,  half 
the  mercury  is  combined  with  the  sodium  as  before.  Then  the  zinc 
is  separately  melted,  and  just  before  soUdification  the  other  half  of 
the  mercury  is  added  to  it,  with  constant  stirring.  Next,  the  two 
are  fused  together,  stirred  with  an  iron  rod,  and  cast  as  desired. 
C  is  made  as  A,  but  with  the  Bine  and  tin  added  in  the  first 
instance. 

Calvert  has  proposed  to  separate  gold  from  quartz  by  solution 
of  the  former  in  chlorine  gas.  For  this  purpose  he  finely  powdeis 
the  quartz,  and  mixes  it  with  i  per  cent  manganese  oxide.  These 
are  put  into  a  vessel  with  a  false  bottom,  the  latter  perforated 
with  holes.  The  chlorine  gas  is  then  passed  through  it  for  12 
hours.  Water  is  then  added  continuously,  so  as  to  percolate  the 
mixture,  and  carry  the  metallic  ohloridee  into  the  false  bottom. 
After  adding  the  Uquid  several  times  to  the  ore,  it  is  separated, 
and  iron  added  to  precipitate  the  copper ;  after  which,  the  gold  is 
thrown  down  by  ferrous  sulphate. 

If  the  ore  contain  silver  also,  then,  for  generation  of  the  chlo- 
rine, sodic  chloride,  manganese  binoxide,  and  sulphuric  acid  are 
used,  thus  argentic  chloride  is  formed  during  the  reaction,  which 
is  dissolved  by  the  excess  of  sodic  chloride.  The  silver  is  then 
first  separated,  and  afterwards  the  copper  and  gold  as  before. 
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Mr.  LoDgmaid  has  patented  a  procsBa  for  the  aeparating  of 
gold  by  means  of  plates  of  iron.  For  this  he  powders  the  quarts 
and  mixes  it  with  roasted  pyrites,  ferric  oxide,  limestone,  and 
fluurapar.  This  mixture  is  smelted  in  a  reverberatory.  Thua, 
much  of  the  gold  subsides,  but  some  remuns  mixed  up  with  the 
slag.  An  iron  plate  is  now  dipped  through  the  latter,  when  gold 
will  adhere  to  it ;  the  red-hot  plate  is  withdrawn,  and  plunged 
into  a  bath  of  molted  lead  ;  this  dissolves  off  the  gold.  The  plate 
is  then  again  put  into  the  fiimace,  and  the  operation  again 
repeated  until  all  gold  is  withdrawn.  It  is  subsequently  separated 
frora  the  lead  by  cupellation. 

Hitherto  we  have  considered  gold  as  found  either  in  dust  or 
associated  with  quartz ;  but  there  are  sources  of  the  metal  in  poor 
ores,  wherein  it  is  associated  with  Bilver,  with  tellurium,  and  even 
in  yet  smaller  proportion  with  the  sidphides  of  lead,  iron,  and 
copper.  Now  any  of  these  may  be  worked  profitably  by  a  plan 
already  described  as  applicable  to  poor  silver  ores,  namely,  by 
fusion  with  lead  or  litharge,  or  even  with  plumbic  sulphide,  and 
thus  an  alloy  of  gold  and  lead,  with  any  silver  present,  is  formed. 
This  mixture  would  then  bo  ready  for  cupellation,  whereby  an 
alloy  of  gold  and  silver  would  be  obtained. 

But  it  id  often  necessary  before  fusing  with  lead  to  concentrate 
the  gold  to  some  extent  in  poor  ores.  Thus,  in  Hungary,  a  pyritto 
quartz  containing  a  veiy  small  amount  of  gold  is  (irst  roasted,  for 
the  purpose  of  oxidizing  some  portion  of  the  ferric  sulphide,  as 
well  as  for  the  reduction  of  another  portion  into  ferrous  sulphide, 
by  driving  off  a  proportional  of  its  sulphur.  This  done,  some  flux 
is  used  to  separate  the  quartz,  and  that  portion  of  the  iron  which 
baa  been  oxidized ;  and  Ume  is  thus  employed  for  the  purpose. 
Heating  the  mass  with  it,  it  takes  these  bodies,  and  with  them 
forms  a  slug  which  covers  a  matt  of  richer  ferric  sulphide.  Thia 
latter  is  next  removed,  and  the  operation  again  carried  on  upon  it, 
with  the  addition  of  a  little  more  of  the  ore  and  some  fresh  lim^ 
and  tliis  is  repeated  until  the  resulting  matt  is  considered  to 
contain  sufBcient  gold  for  its  final  treatment  by  fusion  with  lead. 
This  separates  and  takes  the  gold,  subsiding  with  it  under  a  layer 
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of  ferrio  sulphide.  It  now  only  remains  to  cupel  the  gold  lead  in 
order  to  recover  the  former. 

It  has  been  already  stated  that  some  old  gold  minoa  in  Silesia 
had  been  reopened,  and  worked  with  a  profit.  This  has  been 
done  by  a  very  clever  prooesa,  devised  by  Flattner,  and  deacribed 
by  him  in  the  Jurors'  Report  of  the  Great  Exhibition  of  iS;i. 
It  is  thus  practised ;  The  ore  which  is  ferric  sulphide,  contuning 
abo  some  aiBenic,  and  about  zoo  grains  of  gold  in  the  ton,  is  first 
heated  in  a  reverberatory  furnace.  The  arsenic  is  thus  driven  off, 
and  condensed  in  a  proper  chamber  as  arsenious  anhydride.  The 
residue  is  removed,  and  put  into  a  vessel,  where  a  current  of 
chlorine  gas  can  be  passed  through  all.  Thus  the  iron  and  gold 
are  both  taken  up  in  the  state  of  chlorides. 

The  mass  is  now  treated  with  water,  which  dissolves  these  out, 
and  through  this  solution  dihydric  sulphide  is  passed,  which  pre- 
cipitates the  gold,  the  precipitation  of  any  of  the  iron  being  pre- 
vented by  the  addition  of  a  small  quantity  of  hydrochloric  acid. 

A  quantity  of  sulphur  is  sure  to  precipitate,  by  the  decomposi- 
tion of  some  of  the  gas  ;  but  on  separating  the  auric  sulphide,  and 
beating  it,  all  the  sulphur  is  driven  off. 

Although  Plattner  advises  the  use  of  H,  S  for  the  precipitation 
of  the  gold,  it  would  be  equally  well  separated  trom  the  solution  of 
mixed  chlorides  by  means  of  ferrous  sulphate,  when  it  would  go 
down  as  metallic  gold. 

The  gold  obtained  by  any  of  the  means  already  deacribed 
always  contains  more  or  less  stiver,  as  also,  at  times,  copper,  traces 
of  iron,  and  other  metals.  Hence,  for  some  purposes,  it  is  sub- 
jected to  an  operation  called  '  refining,'  which  term  is  usually  ap- 
plied to  a  wet  operation,  wherein  acid  is  employed  as  a  separator. 
But  before  passing  to  this,  the  American  process  of  (^mentation 
may  be  described,  as  an  example  of  dry  methods  of  parting. 

The  alloy  of  gold  and  silver  is  granulated,  and  a  portion,  of  an 
inch  or  so  in  depth,  is  put  into  a  crucible  ;  upon  this  a  layer  of 
cement,  formed  of  one  part  of  sodic  chloride  mixed  with  two  parte 
of  brick-dust,  then  another  layer  of  the  mixed  metals,  and  so  on 
alternately,  until  the  crucible  is  fulL     The  pots  are  then  covered. 
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placed  in  a  wood  fire,  heated  to  dull  redaeae,  and  kept  at  this  for 
24  houTH.  Under  the  conjoined  influence  of  watery  vapour,  fur- 
nished by  tiie  wood,  which  passes  into  the  mixture  throiigh  the 
pores  of  the  cruoibls,  and  the  silica  of  the  brick-dust,  the  sodio 
chloride  is  decomposed.  Its  sodium  derives  oxygen  from  the  da- 
oomposition  of  the  water,  and  Boda  is  formed ;  this  combines  with 
silica,  forming  sodio  silicate.  The  liberated  chlorine  of  the  salt, 
with  the  hydrogen  of  the  water,  forms  hydrochloric  acid,  which,  at 
the  temperature  employed,  fiimiahes  chlorine  to  the  silver,  to  form 
BTgentic  chloride ;  this  ^es,  and  is  absorbed  by  the  brick-dust,  so 
OS  to  allow  a  fresh  action  upon  the  metal,  until  in  this  way  the 
gold  is  nearly  freed  fit>m  tha  ulver  it  was  alloyed  with. 

This  method  effects  however  but  a  very  partial  refinii^. 

Eerl  states  that  a  cementation  operation  of  this  kind  is  used 
at  times  in  order  to  make  '  gold  much  alloyed  wiUi  silver  appear 
as  fine  gold.'  The  alloy  is  heated  (after  rolling  thin)  for  tWlve 
to  eighteen  hours  with  the  cement-powder;  the  temperature 
being  kept  only  just  below  the  melting  point  of  the  alloy.  The 
powder  used  is  a  mixture  of  one  part  of  sodic  chloride,  one  part 
of  alum,  one  of  calcined  ferrous  sulphate,  and  three  of  brick-dust 
The  beat  seta  fr«e  sulphurio  acid  from  the  sulphates,  and  then 
chlorine  from  the  sodio  chloride.  The  use  of  the  brick-dust  is 
merely  to  render  the  mass  less  dense,  and  augment  its  volume. 
Argentic  chloride  is  found  on  the  surface,  and  absorbed  and  ao 
removed  by  the  cement-powder. 

But  the  wet  refining,  or  parting  operation,  is  by  far  the  most 
advantageous  process,  and  is  therefore  the  chief  means  employed 
here  and  also  on  the  Continent  This  is  performed  by  acting  upoD 
the  granulated  alloy,  either  by  nitric  or  by  sulphuric  acid. 

By  nitrin  acid,  the  gold  is  not  as  a  rule  left  quite  so  fine  as  by 
sulphuric,  but  on  the  other  band  the  oxidizing  qualities  of  nitric 
aaid  give  it  great  advantage  in  refining  gold  from  such  metals  as 
antimony,  and  other  equally  injurious  ones.  From  the  closeness 
with  which  sulphuric  acid  will  act,  the  refining  process  may  be. 
carried  on  profitably,  employing  silver  containing  veiy  small 
quantities  of  gold.    Thus  in  France  it  was   found  veiy  remu- 
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nerative  to  separate  the  gold  from  old  five-franc  piecea,  which 
contained  onlj  one  to  two  thousandthB  of  gold,  and  it  is  now  well 
known  that  ailver  containing  only  half  a  thousandth  may  be  veiy 
profitably  refined. 

The  refiner,  in  the  purchase  of  metal  for  his  operations,  endea- 
vours to  obtain  gold  containing  as  mnoh  silver  as  possible ;  and  as 
this  requires  fusion  with  silver  for  the  carrying  out  of  the  opera- 
tion, it  is  of  course  an  object  to  employ  silver  which  contains  small 
portions  of  gold,  and  thus,  as  it  may  be  said,  to  carry  on  a  double  . 
refining  operation  at  once.  As  the  aotual  separation  of  the  two  is 
effected  by  boiling  the  mixture  in  an  acid,  which,  while  it  ia  a 
ready  solvent  for  other  metals,  is  yet' inactive  upon  the  gold,  it 
may  be  said, — why  not  at  once  treat  the  silvery  gold  with  acid, 
without  such  alloying)  This  would  be  quite  useless,  for  the 
foreign  metals  being  in  so  small  a  relative  proportion,  the  acid 
would  only  remove  the  alloy  at  or  near  the  surface,  the  metal 
being  sufficiently  close  in  texture  to  mask  all  the  rest  from  the 
action  of  the  acid.  The  refiner,  then,  as  a  first  step,  has  rough 
aaaays,  made  of  the  relative  quantities  of  gold  and  silver  in  his  two 
metals,  after  which  he  makes  a  mixture  of  them  in  the  proportion 
of  two  parts  of  silver  to  one  of  gold,  or  at  times  as  dilute  as  three 
of  the  former  to  one  of  the  latter.  Hence  the  term  '  quartation' 
used  to  be  applied  to  this  mixing.  These  proportions  are  fused 
t^^ether  in  black-lead  crucibles,  well  mixed,  and  then  poured  out 
into  a  tank  of  cold  water,  so  as  to  granulate  the  metal.  It  is  then 
ready  for  the  acid. 

Formerly  the  boiling  in  acid  was  effected  in  glass  mattrasses, 
but  as  much  loss  was  at  times  experienced  from  thek  fracture,  as 
soon  as  the  manufaoture  of  platinum  was  effected,  it  was  brought 
into  nse  for  these  operations  ;  and  although  a  moderate-uzed 
digester  will  cost  somewhere  about  looof.,  the  expense  ia  quite 
counterbalanced  by  their  saving  in  working. 

The  granulated  alloy  is  now  put  into  the  digesters,  which  are 
f^imished  generally  with  long  stoneware  condensing  pipes,  the 
latter  being  carried  out  at  the  top  of  the  laboratory  in  which  the 
operation  is  practised,  so  as  to  allow  of  the  escape  of  any  uncon- 
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deneed  fumes  into  the  outer  air.  To  each  pound  of  metal  is  added 
a  pound  and  a  quarter  of  nitric  acid,  of  about  1*32  specific  grsTity. 
This  latter  must  be  pure,  and  quite  free  from  any  hydrochloric 
acid,  for,  as  the  proper  solvent  for  gold  is  a  mixture  of  nitric  and 
hydrochloric  acids,  of  course  such  an  impurity  would  tend  to  loss 
of  gold.  The  parting  acid  is,  therefore,  always  examined  with  a 
little  argentic  nitrate,  and,  if  this  cause  cloudineBS,  it  is  in  that 
state  unfit  for  parting  with. 

The  acid  and  alloy  then  having  been  introduced  into  the 
apparatus,  the  joints  are  luted  or  made  fast,  and  heat  applied, 
cautiously  at  first,  then,  as  the  aUver  becomes  dissolved  out, 
the  heat  may  be  nused,  for  if  this  were  too  great  at  first,  the 
action  would  be  most  violent,  as  the  materials  themselves  gene- 
rate much  heat  during  the  first  solution  of  so  large  a  mass  of 
silver. 

When  action  is  ceaung,  the  liquid  contents  of  the  digester  are 
removed,  and  fresh  acid  put  on  ;  a  second  boiling  then  serves  to 
render  the  gold  as  fine  ss  it  can  be  made  by  these  means.  It  is, 
therefore,  removed  after  this,  washed,  and  the  solution  of  argentio 
nitrate  set  aside  for  reduction.  This  is  best  done  by  precipitation 
as  chloride  and  the  iron  process  ;  but  in  refineries  it  is  very  com- 
monly reduced  by  plunging  in  plates  of  copper,  which  pi«oipdtate 
tiie  silver  at  once,  cupric  nitrate  being  formed,  which  is  then  sold 
as  '  blue  liquor.' 

The  use  of  sulphuric  acid  for  the  operation  is  preferred  at 
many  refineries,  particularly  on  the  Continent  It  is  more  eco- 
nomical, for  not  only  is  the  acid  itself  much  cheaper,  but  the 
resulting  gold  is  more  thoroughly  freed  from  silver ;  indeed,  it  is 
said  that  gold  which  has  been  refined  by  nitric  acid  may  subse- 
quently have  more  silver  separated  from  it  by  the  sulphuric  acid 
process.  In  operating  the  metals  are  so  mixed  as  that  the  gold 
amounts  to  not  quite  half  the  weight  of  the  silver.  Pettenkofer, 
who  has  well  studied  this  operation,  says  that  175  part  of  silver 
is  the  smallest  working  proportion  of  the  latter  metal ;  but  in 
order  that  the  mixture  may  be  most  fully  acted  upon  it  should 
not  contain  much  more  than  20  per  cent  of  gold ;  and  if  it  coubua 
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copper  (which  in  amall  proportion  &cilitates  the  operation),  this 
Bhould  be  under  i  o  per  cent,  for  if  too  much  copper  be  present,  a 
lai^  quantity  of  cupric  sulphate  vill  be  fonued,  which  latter  ia 
insoluble  in  the  strong  acid  liquors. 

The  alloy  having  been  granulated,  ia  introduced  into  a  digester, 
with  about  zj  times  its  weight  of  concentrated  sulphuric  acid.  If 
a  platinum  digester  is  used,  about  So  lbs.  of  alloy  may  be  operated 
upon  at  a  time.  This  is  now  boUe*],  during  which  strong  action  is 
evidenced  by  copious  disengagement  of  sulphurous  anhydride,  while 
tJie  silver  and  copper  are  simultaneously  converted  into  sulphates. 
This  first  boiling  is  continued  as  long  as  sulphurous  anhydride  is 
evolved,  which  wUl  commonly  go  on  for  about  four  hours.  This 
gas,  if  allowed  to  escape,  is  very  noxious,  and  is  therefore  better 
collected.  This  is  ofl^n  done,  and  it  is  reconverted  by  requisite 
chemical  treatment  into  sulphuric  acid.  For  the  condensation  of 
escaping  products  from  the  digesters,  a  large  leaden  chamber  is 
usually  employed ;  this  is  connected  with  them  by  a  long  condensing 
tube,  also  of  lead,  for,  in  addition  to  sulphurous,  some  undecomposed 
sulphuric  acid  alvaya  distils  over;  and  a  little  argentic  sulphate 
is  generally  carried  over  mechanically.  The  liquor  ia  then  re- 
moved, and  a  smaller  quantity  of  acid  again  put  on,  the  boiling 
beii^  further  carried  ou  for  a  short  time  ;  after  which  the  digester 
is  allowed  to  remain  at  rest,  in  order  that  the  gold  may  subside. 
For  this  second  boiling,  acid  is  often  employed  which  has  been  re- 
covered during  other  parts  of  the  process.  The  liquor  is  next 
poured  off  and  diluted.  Repeated  washing  of  the  gold  with  boil- 
ing water  ia  now  necessary,  for  argentic  sulphate  ia  a  very  inaolu- 
ble  salt,  and  cupric  sulphate  when  contained  in  so  acid  a  men- 
struum, is  also  somewhat  so.  Hence,  without  such  washing,  the 
gold  would  be  liable  to  be  contaminated  with  the  very  alloys 
separated  by  the  process.  And  again,  the  dilution  effected  in  the 
silver  solution,  and  consequently  in  the  copper,  during  reduction 
of  the  silver,  is  advantageous,  as  this  reduction  progresses  very 
slowly  if  the  cupric  sulphate  formed  be  very  concentrated  ;  indeed, 
where  such  is  the  ease,  there  is  a  tendency  to  reoiidation  of  the 
newly-precipitated  silver. 
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The  large  digesters  used  in  extensiTe  refineries  are  now  com- 
motily  of  iron,  in  place  of-.platiniim,  and  the  work  is  consequently 
carried  out  upoa  larger  quantities,  a  quarter  to  half  a  ton  of  metal 
in  ingots  being  worked  at  each  operation.  The  strong  acid  used 
is  inootive  on  the  iron,  which  latter  appears  to  leave  its  surface 
somewhat  coated  with  ulver,  which  is  reduced  upon  it;  and  a 
smaller  quantity  of  aoid  serves  in  an  iron  digester. 

Aiter  washing  the  gold  as  above,  it  is  again  boiled  in  sulphorio 
acid,  in  a  platinum  vessel,  and  is  nest  ready  for  melUng  into 
ingots. 

The  silver  is  recovered  firom  the  sulphate  solutions  by  copper. 
The  liquid  is  first  drawn  off  into  copper  vessels,  and  heated  up  by 
steam.  Plates  of  copper  are  put  in,  when  the  silver  is  precipitated 
in  more  or  less  of  a'  crystalline  state ;  and  the  operation  is  con- 
sidered complete  when  sodio  chloride  ceases  to  precipitate  any- 
thing from  the  solution.  The  silver  crystals  are  then  separated, 
well  washed,  and  pressed,  to  squeeze  the  water  entirely  out ;  after 
which  the  metal  is  melted  into  bars.  It  is  nearly  pure,  retaining 
only  very  slight  traces  of  gold  and  of  copper. 

There  ore  certain  metab,  as  lead  and  tin,  which  require  to  be 
separated  before  employing  these  parting  operations.  This  is  to 
be  done,  in  the  case  of  the  first,  by  cupelling  the  alloy,  and  in 
the  second,  by  fusing  it  with  nitre ;  otJierwise,  whore  platinum 
digesters  are  used,  they  would  be  ii^ured  by  their  presence. 

Such  are  the  principles  of  the  methods  of  refining  by  acid,  tLe 
actual  practice  being  slightly  modified  in  different  refineries.  Ab 
to  the  results,  it  may  be  stated  that,  operating  in  both  cases  upon 
large  quantities,  the  nitric-acid  process  will  -afibrd  gold  of  993  up 
at  times  to  997  parts  in  the  1000;  while  sulphuric  aoid  will  refine 
up  to  993,  and  rising  from  that  to  998,  and  very  frequently  to 
999  thousandths.  But  with  great  care  the  nitric-acid  process  m&y 
be  made  to  produce  as  fine  gold  as  the  sulphuric. 

r.  B.  Miller  has  described  a  method  of  refining  in  the  dry 
way,*  in  a  poper  upon  the  '  AppUcation  of  Chlorine  Oas  to  the 

*  Joimat  Chem,  80c.  toI.  xii.  page  jo6. 


OOLD.  H9 

toughening  and  refining  of  Gold.'  It  ia  effected  by  simply  passing 
the  gas  through  the  gold  vhile  the  latter  is  in  fusion.  Thus 
Bevwal  associated  metals  are  converted  into  volatile  chloridee, 
which  escape.  The  silver  is  at  the  same  time  chlorinated,  and 
may  be  separated  as  argentic  chloride.  After  which  the  refined 
gold  ia  romelted,  and  oast  into  ingots ;  and  should  any  gold 
combine  with  chlorine,  it  is  at  once  again  decomposed  ;  for  gold 
parts  with  chlorine  at  about  420°  F.  ^  2i6°G. 

Miller  states  that  he  was  led  to  think  of  the  chlorine  process 
from  the  fact  that  mercuric  chloride  (corrosive  sublimate)  was 
used  for  toughening  brittle  gold ;  and  aa  this  acta  by  affording 
chlorine  to  the  metals  which  induce  the  brittleness,  it  occurred  to 
him  to  try  chlorine  itself. 

It  is  no  doubt  true  that  mercuric  chloride  has  thus  been  used, 
simply  because,  at  the  high  temperature  of  melting  gold,  it  at 
once  parts  with  its  chlorine ;  while  the  mercury  itself,  being 
volatile,  ia  at  the  same  time  driven  off.  But  it  is  a  very  eipensive 
salt  for  the  purpose ;  and  not  only  is  the  mercury  lost,  but  it  at 
the  same  time  carries  with  it  a  notable  quantity  of  gold,  causing 
additional  loss. 

In  employing  chlorine  itself,  it  is  of  course  an  object  to  recover 
all  the  silver  separated  by  it ;  but  as  the  operation'  has  to  be 
performed  in  a  clay  crucible,  and  these  crucibles  are  very  ab- 
sorbent, a  large  quantity  of  argentic  chloride  would,  in  its  fluid 
state,  uot  only  be  atiaorbed,  but  actually  pass  through  and  be  loet, 
unless  some  means  are  used  to  prevent  this.  Again,  as  it  is 
volatile,  some  would  from  that  cause  be  also  lost.  Uiller,  how- 
ever, finds  that  borax  ia  of  much  use  in  both  cases  ;  for,  by 
covering  the  melting  material  with  borax  in  fusion,  volatilization 
is  almost  stopped ;  while,  by  soaking  the  melting-pots  in  a  satu- 
rated solution  of  tbe  aame  salt,  the  pores  become  so  fiUed  as  to 
prevent  the  absorption  of  aigeutio  chloride  entirely. 

Plumbago  crucibles  eannot  be  employed,  aa  they  exercise  a 
reducing  action  upon  the  aigentio  chloride,  and,  he  says,  'pro- 
bably from  a  small  quantity  of  hydn^ien  contained  in  their 
material.'    And,  indeed,  in  many  ■■"■lai'  oaaea  they  cannot  be 
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uied,  from  the  redaoing  power  of  the  graphite  itself,  so  largely 
employed  in  their  compoeitioo. 

An  ordinary  clay  cmoible,  then,  is  covered  with  a  clooely 
fitting  lid ;  in  thia  a  hole  is  drilled,  to  admit  of  the  passage  of  a 
clay  pipe  for  the  conveyance  of  the  gaa  to  the  bottom  of  the  pot, 
and  thus  through  the  maaa  of  melted  metal  contained  in  it.  The 
onter  end  of  this  pipe  is  connected  by  a  flexible  tube  with  a  vessel 
arranged  for  the  evolution  of  chlorine,  and  the  latter  is  fitted  with 
a  long  safety-tuba.  In  operating,  aSter  the  air  is  driven  out  of  the 
apparatus,  the  clay  pipe  is  passed  with  the  gas  into  the  pot  of 
melted  metal.  The  gas  passes  qniokly  through  it,  and  appears  to 
be  as  quickly  absorbed  as  generated.  When  orange  fiimes  begin 
to  be  evolved,  the  refining  may  be  considered  as  complete ;  and 
now — because,  if  the  operation  be  prolonged,  the  gold  itself  may  be 
attacked — the  pot  should  be  removed  &om  the  fire;  and  as  soon 
as  the  gold  has  set,  which  will  be  in  about  lo  minutes,  if  in  any 
considerable  quantity,  the  still  Uquid  chlorides  are  poured  off, 
leaving  the  metal,  as  also  the  viscid  borax,  which  will  adhere  to 
the  pot  The  argentic  chloride  is  cast  in  a  mould  into  a  flat 
slab. 

The  gold  is  next  remelted  into  bars ;  after  which  the  silver  is 
■separated  from  the  chloride  by  putting  the  cake  between  two 
plates  of  wrought-iron,  and  then  plunging  the  whole  into  a  vessel 
of  water  acidulated  with  sulphuric  acid,  when,  after  about  24  hours, 
the  silver  will  be  all  reduced.  It  contains,  however,  a  little  gold  ; 
and  if  it  is  desired  to  separate  this  entirely,  either  the  metal  must 
be  dissolved  in  nitric  acid,  and  the  silver  solution  poured  off  from 
the  gold,  and  subsequently  thrown  down  by  sodio  chloride,  and 
again  reduced  in  the  usual  way ;  or  the  metal  must  be  treated  by 
a  plan  also  devised  by  Miller.  He  fuses  the  argentic  chloride,  and 
adds  a  little  potasaic  carbonate  to  it,  in  order  to  reduce  a  little 
silver  from  it.  This  metallic  silver,  in  subsiding  throi^h  the 
argentic  chloride,  reduces  any  gold  in  its  passage  down  (for  it  is 
probable  that  this  gold  was  in  chemical  combination  with  some 
silver  and  chlorine),  and  alloys  with  it.  The  chloride  is  next  poured 
off  the  little  button  which  sabeides,  and  which  is  composed  of  the 
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gold,  the  reduced  silrer,  and  some  adherent  ar^ntic  obloride  ;  tha 
latter  ia  decompoBed  by  Aiaiug  the  button  with  a  little  more 
potassio  carbonate.  t>aatly,  the  ponred-off  argentic  chloride  is 
reduced  as  at  first  described,  and  will  now  be  found  freed  firom 
gold. 

Miller  says,  '  One  oubio  foot  of  chlorine  will  theoretically  con- 
vert eight  and  a  quarter  ounoes  of  silver  into  argentic  chloride; 
not  more  than  twice  this  quantity  is  actually  required  in  practice, 
and  probably  less.  Thus,  in  refining  tooo  oz.  of  gold,  containing 
5  per  cent,  or  jo  oz.  of  silver,  six  oubio  feet  of  chlorine  would  be 
theoretically  required,  and  practically  twelve  cubic  feet  are  amply 
aufficient;  and  this  waste  six  feet  is  not  all  vomited  forth  from 
the  chimney  at  once,  but  ia  gradually  evolved  during  several  honis. 
It  can  be  readily  intercepted  in  a  small  chamber  furnished  with  a 
trickling  stream  of  milk  of  hme.' 

A  late  pupil  of  the  author's,  Mr.  F.  Smith,  has  been  for  some 
time  working  this  process  for  one  of  the  New  Zealand  Banks,  and 
writing  at  the  end  of  1869,  says  that  it  ia  perfectly  successful,  and 
that  his  own  impression  is,  that  even  for  refining  upon  the  large 
scale,  it  will  much  supersede  the  wet  process,  being  cheaper  and 
much  quicker.  He  states  the  cost  of  operating  in  New  Zealand  aa 
averaging  twopence  per  ounce,  and  that  it  takes  about  two  hours 
to  part  300  ounces  in  one  fiimace.  Their  apparatus  is  very  simple, 
and  they  employ  white  French  crucibles. 

In  the  year  1856  the  coining  operations  of  our  Mint  were 
much  impeded  by  the  importation  of  brittle  gold,  and  various 
specimens  were  then  referred  to  the  author  for  examination  by  the 
Governor  of  the  Bank  of  England,  and  the  Master  of  the  Mint 
conjointly,  and  since  that  date  they  have  from  time  to  time  been 
troubled  with  the  same  brittlenesa.  Hence,  in  1869,  according 
to  the  late  Keport  of  the  Deputy  Master  of  the  Mint,  Miller's  pro- 
cess has  been  adopted  for  toughening  such  metal,  and  it  appears 
with  complete  success. 

Much  American  gold,  both  in  coin  and  also  in  refined  bars, 
made  from  Califomian  gold,  is  yet  found  to  contain  a  native  alloy 
of  osmium  tmd  iridium,  often  in  hard  grains  or  flat  scales.     This 
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is  very  injurioas  in  vorking  it,  ftnd  especially  for  coining ;  hence 
it  requires  to  be  refined  from  it.  Although  the  alloy  is  very 
infiiBible,  and  its  specific  gravity  ta  as  high  as  211,  it  neverthe- 
less cannot  be  separated  from  the  Rised  metal  by  subsidence.  The 
only  dry  method  is  to  alloy  l&rgely  with  silver,  viz.  in  the  pro- 
portion of  about  3  of  silver  to  i,  so  as  to  lower  the  specifio  gravity 
of  the  melted  metal  considerably ;  then,  by  fusing  and  allowing 
time  for  subsidence,  while  still  in  a  fluid  state,  the  gold  and  silver 
alloy  may  be  nearly  all  poured  or  ladled  off  the  iridium  alloy. 
Fresh  silver  is  then  melted  with  this  residue,  and  the  same  course 
followed  several  times  until  nearly  all  the  gold  is  removed.  The 
last  residue  is  acted  on  by  sulphuric  acid  to  dissolve  its  silver, 
when  the  iridium  and  some  pulverulent  gold  will  be  left,  and  these 
may  be  mechanically  separated  by  washing  as  the  gold  is  quite 
pulverulent,  while  the  indium  is  granular. 

Iridium  may,  however,  be  separated  from  gold  in  the  wet  way, 
and  Mr.  Ridsdale,  Chief  Assayer  at  our  Mint,  has  by  long  practice 
found  the  following  to  be  an  excellent  and  effective  method  of 
separating  iridium  from  gold  in  the  case  of  a  singulis-  alloy  of 
gold,  iridium,  and  copper,  which  is  found  to  accumulate  at  the 
bottoms  of  the  melting-pots  during  a  long  coinage  of  gold.  The 
alloy  is  melted  with  three  times  its  weight  of  silver,  stirred  well, 
and  then  granulated  by  pouring  the  contents  of  the  crucible  into 
cold  water,  stirring  all  the  time  whilst  pouring.  The  granulated 
metal  is  then  treated  with  hot  nitric  acid  which  extracts  all  the 
silver  and  copper,  leaving  the  gold  and  iridium  behind  in  a  con- 
dition in  which  the  former  is  readily  dissolved  away  from  the 
iridium  by  nitro-hydroohloric  acid.  The  iridium  remaining  behind 
is  washed  and  dried ;  the  gold  is  recovered  from  its  solution  by 
either  oxalic  or  sulphurous  acid,  and  the  silver  also  recovered 
from  the  nitrate  solution  in  the  usual  way. 

It  will  be  seen,  then,  that  these  processes  do  not  yield  really 
fine  gold,  and  it  can  only  be  obtained  in  perfect  purity  by  dis- 
solving the  gold  itself,  separating  other  metals,  and  afterwards 
prei^pitating  the  pure  gold  again  in  the  metallic  condition. 

The  best  material  to  operate   on  is  ordinary  refined  gold. 
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This  IB  to  be  dis&olvdd  in  aqua  ^egiE^  or  aoid  composed  of  two 
Tolumea  of  hydrochloric,  with  one  volume  of  aitrio  acid.  The 
hydroohlorio  acid  may  have  a  specific  gravity  of  about  fl6,  and 
the  nitric  that  of  i  '4.J.  The  action  of  this  upon  the  metal  will  be 
tolerably  energetic  ;  hence  at  first  it  is  uuneoessary  to  apply  heat, 
but,  as  the  action  slackens,  a  moderate  heat  may  be  used.  Each 
ounce  of  gold  will  require  practically  about  3  j  ounces  of  mixed 
aoid  for  its  solution.  When  dissolved,  it  will  be  found  that  the 
silver  has  all  been  converted  into  chloride  by  the  hydrochloric 
acid,  and  the  greater  part  of  this  remains  as  an  insoluble  residue, 
although  a  portion  will  be  held  in  solution  by  the  strongly  acid  . 
hquor.  The  solution  is  now  to  be  poured  into  a  porcelain  basin, 
leaving  the  ai^ntio  chloride  in  the  flask,  and  the  basin  heated,  so 
as  to  evaporate  the  solution.  When  about  one-third  is  eva- 
porated, more  argentic  chloride  will  be  found  to  have  separated  by 
the  heat.  It  is  well,  therefore,  to  transfer  the  solution  at  this 
stage  from  this  into  a  fresh  basin,  and  evaporate  as  before.  As 
the  bulk  reduces,  small  quantities  of  hydrochloric  acid  are  to  be 
added  from  time  to  time,  which  have  the  effect  of  liberating 
nitrous  acid,  by  decomposing  the  nitric  remaining  in  the  liquid; 
but  these  additions  must  be  very  cautiously  made,  for  the  action 
produced  is  veiy  energetic,  and  without  due  precaution,  consi- 
derable portions  of  the  now  rich  liquid  will  be  spurted  out  of  the 
basin.  When  the  liquid  has  become  of  a  deep  ruby  colour,  and  of 
the  consistence  of  thick  syrup,  it  is  to  be  withdrawn  from  the 
heat,  and  allowed  to  rest  for  a  time,  when  the  whole  of  the  aurio 
chloride  will  crystallize,  forming  a  mass  of  prismatic  crystals.  A 
pound  or  so  of  distilled  water  to  each  ounce  of  gold-  is  now  to 
be  acidulated  by  a  few  drops  of  hydrochloric  acid,  and  the  mass 
dissolved  in  this ;  and  it  is  better  to  allow  this  solution  to  stand 
a  day  or  so,  for  ai^ntio  chloride,  which  is  soluble  in  a  strong 
acid  solution,  is  separated  by  this  dilution ;  therefore,  by  allow- 
ing this  rest,  it  will  completely  separate  and  subside  in  thv  vessel ; 
but  the  solution  requires  filtering,  when  it  wiU  pass  as  a  bril- 
liantiy  clear  yellow  liquid,  and.  is  then  in  a  fit  state  for  preoipi 
tation. 


tnlcl-;(l'l\-  (■- >lll|i;iii  slirct  « "T  I'oll,  <>1\  l;i>tlv,  111  A  SjmMIl: 
Ali'l  tlic-c  >I;iI(>  lii;i\'  Ik'  att;i!lii'l  Willi  m 'liicW  ]i;i  t  ' 
;ill  liDiiLili  tin.'  circiiiiistaiicL's  dct  criiiiiiiiiLr  llu'  ni"i'L'  r*' 
are  hardly  yet  well  understood.  It  is  comniunly  redu 
trichloride  just  described.  If  this  solution  has  been  car 
rated  so  as  to  be  as  neutral  as  possible,  and  especial 
from  nitric  acid ;  a  slight  reduction  of  metal  will  take  p 
sure  of  the  dUuted  solution  to  air,  and  the  surface  anc 
containing  vessel  will  be  covered  with  a  deposit  of  § 
in  all  probability  by  the  action  of  atmospheric  nitroj 
face  being  more  or  less  covered  with  delicate  spangi 
standing  any  great  length  of  time,  precipitation  will 
place  to  a  very  considerable  amount.  Again,  on  add 
water  to  such  a  gold  solution,  slight  reduction  of  i 
duoed,  hence  in  diluting  the  trichloride  solution  b 
latter  should  always  be  first  acidulated  with  a  little 
acid. 

Many  elementary  substances  will  precipitate  g( 
trichloride.  Thus  sulphur  or  seleniimi,  if  immersed  i 
tion,  becomes  penetrated  by  films  of  gold.  A  stick  oj 
similarly  placed  in  it,  will  speedily  be  coated  with  a  fil 
gold.  Carbon  also  is  eflfective,  and  Percy  has  some 
reductions  which  he  has  produced  on  sticks  of  charcc 
the  gaseous  compounds  of  hydrogen  are  reducers 
niuretted  and  antimoniuretted  hydrogen  throw  golc 
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umilarly,  but  more  slowly.  In  all  these  oaseB  the  brown  powder 
IB  more  or  less  interspersed  with  niinute  bright  films,  and  at  times 
with  ciystols.  It  may  also  be  reduced  by  the  battery  upon  a 
platinmn  pole  in  the  form  of  a  soft,  brown  nodular  deposit,  wh<we 
interior  will  be  partly  crystalline  ;  and  by  the  same  means,  fiom 
the  double  chloride  of  gold  and  sodium,  but  from  this  in  a  more 
arborescent  and  crystalline  oondition.  Some  metallic  salts  throw  it 
down.  Thus,  trichloride  of  antimony  (antimonioua  chloride)  re- 
duces it  aa  a  dull  powder ;  but,  when  the  solution  of  the  metal  ia 
vety  concentrated,  it  falls  in  an  arborescent  form,  it  may,  how- 
ever, in  the  former  state  be  contaminated  with  antimonio  acid, 
aa  salts  of  antimony  are  decomposed  in  the  presence  of  water. 
The  araenious  chloride  obtained  by  solution  of  arsenioua  acid  in 
hydrochloric  acid  acts  similarly  on  a  neutral  solutioo.  It  should 
be  warm.  In  the  caae  of  the  antimouial  salt  the  formula  would  be, 
3  Sb  CI,  +  2  Au  Cl,=  3  Sb  CI,  +  2  Au.  The  gold  in  these  oases 
should  be  well  washed  with  dilute  hydrochloric  acid,  and  when 
melted,  fluxed  with  potassic  nitrate,  and  borax.  But  considering 
the  extremely  injurioua  efiecta  of  arsenic  or  antimony  upon  gold, 
these  precipitants  are  hardly  safe  ones.  MercurouB  nitrat«  throws 
it  down  in  a  very  finely  divided  state,  and  hence  in  the  form  of 
a  dark  blue  powder.  Many  organic  bodies  readUy  precipitate 
gold  from  the  trichloride.  Indeed,  almost  all  will  do  so  if  a  little 
alkali,  as  potossa,  be  first  a<lded,  and  the  solution  be  heated  on 
adding  the  precipitant.  In  some  few  cases  the  precipitate  hj 
organic  bodies  b  not  metallic  gold,  but  an  oxide  combined  with 
some  of  the  precipitant.  Gold  is  reduced  from  its  solutions 
on  coming  in  contact  with  the  skin,  linen,  paper,  silk,  &o.,  and 
when  acted  on  by  light  the  stains  produced  become  of  a  deep 
and  permanent  purple  colour.  Gallic  acid,  when  added  to  a 
dilute  acid  solution,  throws  it  down  in  the  metallic  state,  pro- 
ducing at  first  a  yellow  solution,  which  afterwards  soon  becomes 

Potassic  tartrate,  citrate,  or  acetate,  will  each  precipitate  it ; 
and  sodio  tartrate,  which  does  not  act  upon  a  cold  solution,  will 
precipitate  the  gold  suddenly,  when  heated.     But  the  action  of 
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the  salts  of  these  yegetable  acids  will  h«  retarded,  if  not  prd- 
vanted,  b;  the  presence  of  hydrocblorio  acid  in  excess. 

The  above  are  instanced  as  examples  of  the  many  olassee  of 
bodies  which  will  precipitate  the  metal.  Some  of  them,  however, 
are  uncert^n  in  their  action.  But  the  three  best  precipitants  ma; 
now  be  described :  these  are,  oxalic  acid,  sulphurous  acid,  and 
ferrous  sulphate.  Of  these  the  first  is  perhaps  the  best,  although 
its  action  is  slow  and  gradual ;  but  it  will  afford  gold  of  several 
textures,  from  a  spongy  mass  up  to  a  crystalline  leafy  precipitate 
or  formation.  A  slight  excess  is  to  be  employed,  and  the  mixture 
of  trichloride  aud  acid  to  be  slightly  heated  :  indeed  all  these 
preoipitanta  are  much  assisted  by  heat,  but  with  oxaUc  acid  heat 
is  essential  Soon  after  its  addition  copious  evolution  of  bubble* 
of  gaa  takes  place,  and  at  the  same  time  the  body  of  the  hquid 
appears  filled  with  the  most  delicate  spangles  of  metallio  gold, 
which  become  coherent,  and,  under  varied  oircumstances,  may 
take  any  one  of  the  forms  just  mentioned.  The  following  equation 
will  show  the  change  :— i  Au  Clj  +  3  H,  C,  0^=  6  Hoi  +  6  C  0, 
+  2  Au.  Here  the  oxalic  acid  parts  with  its  hydrogen,  which, 
by  taking  the  chlorine  of  the  gold  salt  and  forming  hydrochloric 
acid,  sets  the  gold  free,  and  the  remaining  elements  of  the  add 
decomposed  escape  as  carbonic  acid  or  anhydride. 

The  action  of  this  precipitant  being  gradual,  and  capable  of 
ninoh  regulation,  by  the  amount  and  nature  of  the  heat  employed, 
while  it  is  also  peculiar  in  being  attended  throughout  by  this 
evolution  of  gas-bubbles  which  rise  quickly  through  the  solution, 
there  is  produced  from  the  former  cause  a  tendency  in  the  metal 
to  deposit  in  a  crystalline  or  crystallo-granular  state  ;  whUe  from 
the  latter  a  more  or  less  spongy  character  is  given  to  it :  hence  it 
will  readily  be  seen,  that  inasmuch  as  we  are  able  to  modity  these 
conditions,  so  we  can  in  the  same  degree  influence  the  molecular 
nature  of  the  result. 

The  final  treatment  required  in  the  case  of  oxalic  acid  gold  is 
simply  to  well  wash  it,  and,  if  cast  into  an  ingot,  to  fuse  it  with 
some  hydropotassic  sulphate,  which  will  remove  any  argentic 
chloride,  if  such  has  been  left  in  the  solution ;  but  this  is  not 
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needed  if  the  latter  has  been  carefully  separated,  in  which  cose 
the  gold  ma;  be  simply  heated  to  dull  redness,  for  oxalic  acid 
is  volatilized  at  a  very  moderate  beat.  Thus  small  quantities  of 
gold  may  be  welded  into  a  mass  without  melting. 

In  employing  sulphurous  aeid,  a  small  quantity  of  potash  may 
first  be  added,  and  then  an  excess  of  sulphurous  acid ;  precipita- 
tion will  immediately  commence,  and  ultimately  the  whole  of  the 
gold  be  thrown  down  in  a  scaly,  metallic  powder,  varying  in  cohesive 
quality  —  at  times  approaching  that  of  oxalic  acid  gold.  The 
action  of  this  precipitant  is  very  simple,  and  may  be  thus  ex- 
pressed: aAuCl,  +  3H.O  +  3H.SO,=6HCl+3H.SO^-h2Au. 
Water  is  here  decomposed,  its  hydrogen  taking  the  chlorine  of  the 
gold  salt.  Hydrochloric  acid  is  produced,  the  gold  liberated,  and, 
the  oxygen  of  the  water  passing  to  the  sulphurous  acid,  converts 
it  into  sulphuric.  The  after  treatment  of  the  gold  may  be  the  . 
same  as  of  that  produced  by  oxalic  acid,  and  already  described. 

In  reducing  by  ferrous  sulphate,  a  slight  excess  in  solution  is 
used.  The  gold  is  thrown  down  as  an  orange-brown  powder. 
After  all  has  subsided,  the  metal  should  be  boiled  in  dilute  hydro- 
chloric acid,  and  this  repeated  two  or  three  times,  in  order  to 
remove  all  traces  of  iron  compounds,  which  are  apt  to  be  retained 
by  the  gold.  After  the  last  acid,  pure  water  is  used  ;  and  the 
metal,  when  dried,  may  be  melted  with  a  flux  of  hydropotassio 
sulphate,  in  case,  as  before  stated,  any  silver  has  been  left  as 
chloride  in  the  solution. 

Of  ferrous  sulphate  in  crystal,  not  less  than  four  times  the 
weight  of  the  gold  is  required  for  complete  precipitation.  The 
reaction  occurring  is  this  ;  i  Au  CI,  +  6  Fe  S  O4  =  Fe^  Cl^, 
-f-  2  (Fej  3  S  64)  -)-  z  Au.  Ferrous  salts  haVi&g  great  tendency 
to  become  ferric,  the  ferrous  sulphate  in  this  case  readily  parts 
with  two  atoms  of  iron  to  the  chlorine  of  the  gold  salt,  and  forms 
with  it  ferric  chloride  :  thus  the  gold  is  liberated,  and  the  remain- 
ing elements  of  the  iron  salt  are  left  in  the  oondition  of  ferric  sul- 
phate. 

Praptrtiet. — Gold  has  a  perfectly  characteestic  colour — a  most 
beautiful  yellow,  inclining  to  orange — and  is  susceptible  of  very 
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high  polish.  Its  epecifio  gravity  raoges  from  19'z  to  19*;,  accord- 
ing to  its  Btate.  Pulverulent  gold,  or  any  of  the  forms  of  precipi- 
tated gold,  are  capable  of  being  welded  t^^ether,  even  when  cold, 
by  simple  pressure  and  hammering ;  this  pressure  requires  to  be 
exercised  moderately  at  first,  and  then  the  hammer  used,  in  order 
to  get  solidity;  otherwise  a  solid  skin  will  be  formed  over  the 
interior  metal,  which  remains  somewhat  disintegrated.  The  author 
is  in  the  habit  of  welding  considerable  quantities  of  gold  precipi- 
tated by  ozalio  acid ;  and  this  is  done  in  compact,  solid  masses,  by 
heating  them  to  dull  redness  in  a  platinum  crucible,  and  hammer- 
ing. The  cakes  of  metal  so  made  have  all  the  texture  of  fused 
gold. 

Precipitated  gold  may  be  mixed  with  sUver,  aa  reduced  from 
chloride  in  the  pulverulent  state,  and  similarly  compactly  welded, 
aSbrding  a  damasked  cake  of  considerable  solidity. 

Gold  is  exceedingly  ductile  and  tenacious,  bo  that  it  may  be 
drawn  into  very  fine  wire,  one  grain  of  metal  drawing  into  joo  ft. 
of  wire.  These  qualities  may  be  assisted  by  its  softness;  for, 
when  pure,  it  cuts  almost  like  wax,  exhibiting  similar  tenacity  in 
cutting. 

Of  all  metals  it  is  the  most  malleable,  and  this  property  has 
been  turned  to  account  fhim  the  earUest  knowledge  of  the  metal. 
Thus  a  grain  of  gold  may  be  extended  over  a  surface  7  J  inches 
square,  and  leaves  of  gold  have  been  beaten  to  the  z8o,oooth  of 
an  iucli  in  thickness.  In  these,  or  thinner  sheets,  its  transparenqr 
is  well  seen,  when  it  will  be  found  to  transmit  green  rays.  Fara- 
day took  a  very  thin  film,  and  spread  it  upon  a  piece  of  glass ; 
then,  introducing  between  the  glass  and  the  gold  a  few  drops  of 
potassio  cyanide  in  solution,  as  a  'cushion'  for  the  metal,  he 
spread  it  out,  and  by  solution  '  more  attenuated  it.'  In  this  state 
it  reflected  yellow  light,  as  ordinary  metal ;  and,  on  looking 
through  it,  it  transmitted  green;  but,  on  heating  to  about  the  tem- 
perature of  boihng  oil  (viz.  to  about  600°  F.  =  3 1  ;■;  C),  it  lost  its 
reflective  power  and  green  colour,  and  became  translucent.  When 
pressure  was  applied  to  such  decoloured  gold,  by  pressing  with  a 
hard  body — a  convex  piece  of  rook  cijstal,  for  example — the 
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green  colour  of  the  traDBmilted  ray  reappeared.  {Phil,  Trant. 
i8j7.) 

The  precipitation  of  gold  from  its  chloride  by  means  of 
phosphorus  has  already  been  mentioned,  and  by  this  meana 
Mr.  Faraday  formed  some  exceedingly  attenuated  films.  He 
dissolved  the  trichloride  equivalent  to  i }  grains  of  metal  in  about 
JO  oz.  of  water,  and  then  floated  a  few  small  particles  of  phos- 
phorus upon  the  sur&ce,  using  a  perfectly  clean  glass  vessel 
Thus  the  gold  was  reduced,  and  covered  the  surface  with  a 
coutinuouB  film,  decreasing  from  the  points  of  action  (viz.  the 
phosphorus)  until  so  thin  as  to  be  scarcely  visible  either  by 
transmitted  or  reflected  light  The  reflection  from  the  thick 
parts  was  that  of  ordinary  gold,  although  the  films  are  porous. 
The  colour  of  the  transmitted  light  was  grey,  green,  or  dull  violet, 
changing,  on  beating,  to  amethyst,  and  ruby,  and  assuming  the 
peculiar  green  on  the  least  touch  with  a  card  or  the  finger.  A 
good  method  of  observing  the  transparency  of  gold  has  been 
deecribed  already  (page  8). 

Gold  may  be  artificially  crystallized.  If  a  small  button  of 
gold  be  fused,  and  then  very  slowly  cooled,  and  subsequently 
treated  with  a  very  small  quantity  of  aqua  regis,  solution  will 
be  commenced ;  but  when  the  aoid,  by  becoming  expended  and 
charged  with  auric  chloride,  nearly  loses  its  power  of  solution, 
and  this  becomes  feeble,  it  acts  upon  the  mass  of  metal  only  in 
certain  directions  or  lines,  determined  by  the  actual  crystalline 
state  of  the  metal  below  the  surface.  Thus  the  author  has 
dissected  out  irregular  groups  of  octohedra  from  such  a  button. 

Gold  is  insoluble  in  either  of  the  three  ordiuaiy  mineral  acids 
nngly.  It  is,  however,  acted  upon  by  selenio  acid,  if  boiled  in  it. 
its  proper  solvent  is  chlorine ;  and  in  dissolving  in  nitro-hydro- 
cbloric  acid,  solution  is  effected  by  means  of  the  chlorine  lilmrated 
from  the  hydrochloric  acid,  by  agency  of  the  nitric. 

Patera  states  that  an  alloy  of  gold  with  silver  may  be  dissolved 
in  a  solution  of  sodio  chloride,  if  the  solution  be  quite  saturated 
with  chlorine ;  and  that  such  treatment  will  dissolve  out  the 
metals  from  ores  equally  readily.     {Otterr.  ZUekr,  1863,  p.  16;.) 
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Its  iusing  point  is  1016°  F.  (=1  toi°C.);  an^  it  iB  doubtful  if 
it  is  at  nil  volatile  per  k.  But  if  gold  be  alloyed  with  copper,  it 
has  been  ahowu  by  Napier  {Quarterly  Journal,  Cheio.  Soc.  1857) 
to  be  considerably  volatilised,  bo  that  quantities,  amouutiDg  to 
4)  grains,  could  be  coUeoted  during  the  pouring  out  of  30  pounds 
weight  from  a  crucible.  In  regard  to  the  loss  of  pure  gold, 
described  by  the  same  author,  the  metal  he  employed  was  assay 
comets,  which  will  hereafter  be  shown  to  contain  stiver  in  notable 
proportion  :  hence  the  losses  notod  by  him  may  have  been  due  to 
this  silver.  The  author  has  also  shown  (in  a  paper  read  at  the 
Chemical  Society,  and  published  in  the  Journal  for  i860)  that 
mixtures  of  gold,  silver,  and  lead,  when  cupelled  together, 
volatilise  considerably ;  and  thus  he  collected  considerable  quan- 
tities of  each  metal  from  the  chimney  of  an  assay  furnace  alter  a 
few  weeks'  use  only.  Gold  is  an  excellent  conductor  of  heat, 
and  also  of  electricity.  Its  atomic  weight  is  196*6;  symbol 
Au. 

The  malleability  of  gold  being  so  extreme,  its  extension  into 
thin  leaves  is  an  easy  operation,  and  the  capability  of  beating  gold 
must  have  been  very  early  discovered ;  for  in  the  description  of 
the  (construction  of  Solomon's  Temple  there  is  a  distinction  made 
between  things  formed  of  'pure'  and  ' perfect' gold  and  those 
'  overlaid '  with  fine  gold. 

It  has  commonly  been  stated  that  gold  must  be  quite  fine  in 
order  to  beat  well ;  but  this  is  an  error,  for  pure  metal,  in  truth, 
requires  more  care  in  lamination.  And  again,  as  abotat  a  doien 
shades  of  colour  are  sold,  these  are  all  got  by  vaiying  the  nature 
atid  quantity  of  alloy.  Thus  about  31  per  cent  copper  will  give  a 
red  gold.  From  24  to  40  per  cent  of  silver  and  t  z  to  16  per  cent 
copper  give  a  variety  of  middle  shades.  Then,  for  pale  colours 
or  green  shades,  silver  is  added  up  to,  and  even  beyond,  equal 
weights.  But  when  either  copper  or  silver  is  used  in  any  largo 
quantity,  it  must  be  with  gold  alone,  as  addition  of  the  two, 
except  in  small  amount,  it\jures  the  mn,lle ability  of  the  alloy. 
The  operation  is  thus  carried  on  ; — The  metal  is  first  melted  at  a 
gi>od  heat,  with  a  little  borax  as  flux,  aiid  cast  in  a  very  hot  ingot- 
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motdd  ioto  small  oblong  ingots,  of  about  i  j  inch  long,  |  wide,  and 
^g  thick,  and  weighing  about  z  ounces  each.  The  grease  adherent 
from  the  mould,  and  any  flux,  are  removed  by  heating  them  to 
redneae ;  and  this  done,  they  are  passed  through  a  flatting-mill, 
fiimished  with  very  true  rollers,  and  thus  brought  down  to  the 
J  jgtb  of  an  inch  (or  thereabout)  in  thickness  :  this  is  effected  by 
several  rollings ;  and  during  the  course  of  these,  condensation  of 
the  metal  b  overcome  by  frequent  annealii^.  After  the  last 
passage  through  the  rollers  and  annealing,  the  ribbon  is  cut  into 
porti'jns  of  ■  inch  square  each,  and  these  will  be  found  to  weigh 
about  6  grains  in  weight.  These  are  inclosed  between  separate 
leaves  of  paper,  and  for  this  purpose  the  French  gold-beaters  use  a 
very  tough  kind  of  paper  which  they  manufacture  for  the  piupose. 
The  '  cutch,'  as  this  case  is  called,  is  next  wrapped  up  in  a  parch- 
ment double  case,  and  is  then  ready  for  beating. 

The  anvil  upon  which  this  operation  is  performed  is  made  of  a 
dense  black  marble,  fixed  solidly,  and  where  the  support  can  be 
set  in  the  ground  it  is  better.  As  heavy  a  hammer  aa  can  be  well 
wielded  is  used,  and  this  is  generally  something  over  15  avoir- 
dupois pounds.  Steady  flat  blows  are  delivered  upon  the  cutch, 
the  workman  taking  advantage  of  the  resilience  of  the  case  in 
assisting  him  to  raine  the  hammer  after  enoh  blow.  During  the 
operation  the  left  hand  is  employed  in  turning  the  cutch  over  and 
over,  as  well  as  round  iu  different  directions,  so  that  any  angular 
fall  of  the  hammer,  which  would  tend  to  produce  unequal  thick- 
ness of  the  sheets,  may  be  counteracted  ;  and  the  cohesion  of  them 
is  prevented  by  occasionally  bending  the  cuteh  backwards  and 
forwards.  Half-an-hour'a  work  will  thus  bring  the  inch  squares 
out  to  the  margins  of  the  cutch,  that  is,  to  a  surface-measurement 
of  16  times  the  original  one.  These  4-inch  leaves  are  then  taken 
out,  and  each  one  out  into  four ;  after  which  they  are  inclosed 
again,  but  now  between  sheets  of  fine  gold-beater's  skin,  also 
incased  in  parchment ;  and  aa  the  beating  becomes  now  a  more 
laborious  and  careful  operation,  the  weight  of  the  hammer  is 
diminished  to  10  or  12  pounds.  The  extension  to  4  square  inches 
will  now  require  nearly  a  couple  of  hours'  beating ;  after  which, 
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if  gilding-leaf  is  required,  it  ia  again  beaten,  and  again  with  a 
smaller  hammer :  but  it  is  these  laat  operationa  which  require 
great  skill  on  the  part  of  the  workman,  as  well  aa  fineness  in  the 
tools.  The  '  shoder,'  as  the  gold-beater'a  akiu  case  ia  called,  must 
be  formed  of  the  picked  membrane  only ;  and  even  then,  during 
the  production  of  this  very  thin  metal,  many  of  the  sheets  will 
extend  before  otheia,  and,  reaching  the  edge  of  the  shoder,  be  beat 
away,  thus  causing  some  irregularity  in  thickneea  in  the  different 
sheets.     Vellum  is  sometimes  used  for  cases. 

The  division  of  the  sheets  is  at  first  made  with  a  knife,  but 
afterwards  with  a  cross  formed  on  a  board  by  two  sharp  edges 
of  cane,  arranged  so  that  the  4-inch  sheet  may  be  divided  into 
4  squares.  This  last  division  renuires  much  deiterity,  as  does 
also  the  final  cutting  to  site,  and  placing  in  books ;  for  which 
purpose  they  are  turned  upon  a  leather-padded  board  by  a  pair 
of  wooden  pliers ;  and  although  a  number  may  thus  be  heaped 
as  it  were  together,  a  skilful  operator  will,  by  a  tossing  motion, 
assisting  it  by  digbt  blowing  by  the  mouth,  thoroughly  flatten 
them  out  for  sqaaring.  Lastly,  they  are  stored  in  books  of  smooth 
paper,  the  leaves  (for  gilding  metal)  being  often  rubbed  over  with 
a  little  red  ochre,  to  prevent  adhesion. 

Thus  the  original  ingot  of  2  ounces,  and  measuring  super- 
ficially about  -6  of  an  inch  by  i  ■;  inch,  or  a  square  of  rather 
under  -j(|,ths  of  an  inch,  is  by  the  first  or  rolling  operation  brought 
at  once  to  a  suriace  of  1 80  square  inches. 

This,  after  the  first  beating  in  the  cutch,  is  brought  to  2880 
square  inches.  Then  after  the  second  the  iSSo  become  ii,S2o; 
and  at  the  final  one  the  measure  will  be  46,080  square  inches, 
exclusive  of  small  portions  which  by  unequal  ezteuaion  are  beaten 
off  certain  of  the  sheets. 

These  oalculationa  show  the  x  ounces  of  gold  to  have  been 
been  beaten  into  310  square  feet  (not  estimating  any  allowance 
for  loss  during  the  operation)  ;  but  it  is  seldom  carried  so  far  as 
this,  oa  aocount  of  the  immense  labour,  and  extreme  thiuneas  of 
the  leaves,  which  would  hence  be  porous,  and  capable  of  trans- 
mitting light.     Therefore,  an  average  of  300  feet  to  the  i  ouucea 
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may  be  assumed  as  the  general  workable  thicknosa,  and  a  leaf  of 
such  will  be  about  one  grain  in  weight. 

For  the  operations  of  the  Dentist  quite  fine  gold  is  beaten, 
and  in  this  case  also  sold  in  sheets  containing  i6  square  inches  of 
Bur&oe,  that  is,  of  four  inches  each  way.  In  England  these  aheeta 
veigh  not  less  than  j  grains  each ;  the  medium  8,  and  the  thickeat 
II.  la  America  five  thicknesses  used  to  be  made,  viz.  of  4,  5, 6,  8, 
and  10  graiua  per  sheet  But  now  very  thick  is  also  at  times 
employed,  viz.  rising  gradually  up  to  4S0  grains,  or  i  oe.  per  sheet. 

The  ordinary  operation  by  hand  involves  rather  bard  labour, 
considering  the  weight  of  the  hammer  used,  and  hence  machinery 
has  been  made  in  some  places  for  the  purpose,  the  hammer  being 
worked  by  steam.  And  there  is  no  reason  why  such  should  not 
with  advantage  supersede  the  old  and  laborious  operation  of  hand 
beating. 

Compounds  of  Gdd.  —  Oxid«».  Gold  has  a  very  feeble  affinity 
for  oxygen,  so  that,  although  when  ignit«d  in  oxygen  gas  it  is 
dissipated  in  the  form  of  a  purple  powder,  this  powder  is  merely 
.  finely  divided  gold  and  not  an  oxide.  There  are,  however,  two 
oxides,  a  suboxide  (auroua  oxide)  and  a  sesquioxide  (or  auric)  ; 
this  latter  has  also  feeble  acid  properties  when  hydrated,  and 
forma  a  small  class  of  salts  called  auratea 

Aureus  oxide  is  formed  by  treating  aureus  chloride  with  a 
dilute  and  cold  solution  of  potaasa ;  but  the  potaasa  must  not  be 
in  excess,  or  the  precipitate  it  produces  will  be  redissolved ;  also 
by  precipitating  aqueous  auric  chloride  with  a  solution  of  mbr- 
curouB  nitrate ;  this  latter  must  also  be  somewhat  minus,  or 
calomel  would  be  precipitated ;  it  falls  as  a  dark-green  powder, 
permanent  at  ordinary  temperatures.  Digestion  in  caustic  potass 
converts  it  into  a  mixture  of  auric  oxide  and  metallic  gold.  Hy- 
drochloric acid  will  convert  it  also  into  metallic  gold  and  auric 
chloride.  It  does  not  combine  directly  with  acids.  From  its 
ready  suspension  in  water  it  passes  the  pores  of  a  filter,  but  the 
addition  of  a  small  (quantity  of  potassio  acetate  and  boiUng  will 
jJur^O-    precipitate  it.     Composition,  An.  1  0  ;  atomic  weight,  4092. 

Auric  Oxide.—  Auric  chloride  is  prepared  free  from  any  excess 
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of  hydrochloric  acid ;  this  is  then  heated  with  an  excess  of  mag- 
iieaia,  or  of  zincio  oxide,  either  of  which  throws  down  neaily  all 
the  gold  as  oiide;  but  as  it  is  more  or  less  cuntamiuated  by  the 
precipitant,  it  requires  digestion  in  dilute  nitric  acid,  which  will 
dissolve  any  excess  of  the  latter,  leaving  the  oxide  of  gold 
unchanged.  If  the  acid  be  strong,  some  gold  will  be  ttkken  up, 
but  the  addition  of  water  will  reprecipitate  it.  In  the  former  case 
the  oxide  is  yellow,  and  contains  water  ;  where,  however,  a  strong 
acid  is  employed  to  cleanse  it,  it  is  brown  and  anhydrous. 

Obcrkampf  advises  the  use  of  potassa  for  the  preparation  of 
this  oxide ;  and  accordingly,  to  a  hot,  neutral  solution  of  aurie 
chloride,  he  adds  an  exoesa  of  potassa,  but  auric  oxide  combines 
with  alkalicB,  acting  with  them  the  part  of  an  acid,  as  already 
stated.  Hence,  although  this  method  is  commonly  mentioned  as 
a  good  one,  it  is  one  in  which  an  uncertain  amount  of  product  is 
afforded  dependent  upon  this  cause. 

The  hjdrated  oxide,  when  heated  to  z  1 2°  F.  (=  1 00°  C),  will 
become  anhydrous  ;  and  if  the  heat  be  carried  up  to  about  480'^  F. 
(=  149°  C),  the  oxygen  is  driven  off  and  metallic  gold  left.  It  is 
soluble  in  strong  sulphuric  acid,  but  separates  unchanged  (as  with 
nitric)  on  the  addition  of  water.  In  hydrochloric  acid  it  is  con- 
verted into  trichloride,  and  the  action  of  hydriodic,  or  hydro- 
bromic  acida,  is  the  same,  the  results  being  a  corresponding  iodide, 
or  bromide  of  gold.  If  digested  in  ammonia  it  is  converted  into 
a  deep  olive- coloured  compound,  which  is  fulminating  gold.  Com- 
position, Auj  O.;  atomic  weight,  441  -z. 

Aureus  chloride  is  obtained  by  heating  the  crystallized  auric 
chloride  in  a  porcelain  basin  to  about  3+7°  F.  (=  175"  C),  This 
must  be  done  in  a  sand-bath,  and  the  mass  be  kept  constantly 
stirred.  A  yellowish  white  mass  is  thus  obtained,  which,  if  the 
heat  were  carritd  to  392"  F.  (^  200°  C),  would  be  resolved  into 
metallic  gold  and  chlorine  gas ;  boiling  water  will  convert  it  into 
trichloride  and  metallic  gold.  It  is  almost  insoluble  in  cold  water. 
Composition,  Au  Ci.;  atomic  weight,  232'!. 

Auric  chloride,  or  trichloride,  is  probably  the  most  iin]»rt.ant 
binary  compound,  being  the  source  whence  other  preparations  of 


gold  are  obtained.  It  is  made  by  heating  gold  into  nitro-bydro- 
chloric  acid  (as  already  deBcril>ed  at  pago  153)-  We  add  to  each 
atom  of  gold  1  atom  of  nitric,  and  3  of  hydrochloric  acid.  The 
evaporating  temperature  should  not  exceed  i8o°F.  (=  i38°C,),  if 
it  is  above  that,  portions  of  aurous  chloride  will  be  formed.  The 
crystals  usually  obtained  mass  together,  and  are  very  deliquescent ; 
they  are  ruby  red  in  colour  :  but  if  the  ordinary  solution  be  made, 
and  care  used  to  ensure  excess  of  gold  and  hydrochloric  acid,  the 
nitric  will  all  be  decomposed,  oud  from  such  a  solution  long  yel- 
low four-sided  prisma  and  truncated  octohedra  may  bo  obtained. 
These  are  very  deliquescent,  but  not  so  soluble  as  the  ordinary 
trichloride,  they  give  a  reddish-yellow  solution,  which  is  imme- 
diately rendered  paler  by  the  addition  of  hydrochloric  acid.  Ber- 
zelius  says,  that  a  perfectly  nonual  solution  of  auric  chloride 
ooataining  no  free  acid  can  only  be  obtained  by  boiling  aurous 
chloride  in  water.  Thus,  after  getting  a  cake  of  aurio  chloride,  it 
must  be  heated  to  347°  F.  {^175°  C.J,  and  then  digested  in  boil- 
ing water,  and  filtered  ;  but  eveu  then  the  solution  will  redden 
litmus.     Composition,  Au  Cl.jj  atomic  weight,  303-1. 

There  are  iodides  corresponding  to  these  chlorides,  and  formed 
by  adding  potassio  iodide  to  aurous  chloride  or  to  auric  chloride. 
In  the  first  case  a  yellowish  crystalline  powder  will  be  thrown 
down  which  is  aurous  iodide ;  in  the  second,  a  dark-green  preci- 
pitate of  auric  iodide. 

Berzelius  describes  an  aurous  sulphide  as  got  by  passing  dihy- 
dric  sulphide  through  a  boiling  solution  of  aurio  chloride,  but 
Lerol  states  that  it  is  not  a  sulphide,  but  metallic  gold.  Also, 
that  when  dihydric  sulphide  is  passed  mto  a  cold  solution  of  aurio 
chloride  the  brownish  black  precipitate  is  a  compound  sulphide 
formed  of  Au^  S-|-AUj  Sj,  The  same  sulphide  is  thrown  down 
on  adding  either  ammonium  or  potassium  aulphidea  to  a  cold 
solution  of  gold;  but  the  precipitate  is  soluble  in  excess  of  an  alka- 
line sulphide,  a  sulphur  salt  of  the  gold  being  formed,  coutaioing 
the  alkaline  sulphide  as  a  base,  united  with  sulphide  of  gold  as  an 
acid. 

This  aulphide  of  gold  is  resolved  into  metallic  gold  by  heating, 
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the  Bulphur  being  driven  off  at  a  dull  red  heat ;  or  if  the  preci- 
pitate be  left  a  few  days  in  the  solution  whence  it  has  been  thrown 
down,  ita  iulphur  will  be  partlj  oxidized,  and  much  of  the  gold  is 
set  &ee. 

There  is  a  somewhat  curioua  compound  of  gold  and  tin,  known 
as  the  purple  of  Casaius,  which  is  much  used  as  a  colouring  mate- 
rial. With  porcelain  it  will  afford  various  shades,  from  flesh- 
colour  to  deep  red.  Indeed,  the  ruby  tint  of  Bohemian  glass  is 
due  to  this  body.  It  has  been  supposed  to  be  a  mixture  of 
metallic  gold  with  hydrated  peroxide  of  tin,  but  it  is,  as  Berzelius 
assumes,  more  probably  a  hydrated  double  stannate  of  the  oxides 
of  gold  and  tin.  It  may  be  made  by  mixing  one  part  of  gold  with 
i;  of  tin,  and  $00  of  silver  (or  zinc),  and  subsequently  oxidizing 
this  alloy  by  means  of  dilute  nitric  acid,  which  will  dissolve  out 
all  but  the  compound  sought. 

But  the'  best  method  consiets  in  acting  apon  a  solution  of 
auric  chloride  by  a  mixture  of  stannous  and  stannic  chlorides ; 
the  conditions  required  to  produce  the  best  result  being  that  the 
gold  solution  be  as  neutral  as  possible,  and  that  the  chlorides  of 
tin  be  proportioned  veiy  carefully  (by  experiment  at  the  time  of 
making  the  compound),  so  that,  in  truth,  a  sesquichloride  may  be 
formed,  a  step  requiring  some  precaution,  for  the  chlorides  of 
tin  as  usually  made  are  somewhat  uncertain  in  their  composi- 
tion. 

I  have  much  used  the  following  formula  which  yields  an  excel- 
lent result : — To  ordinary  dilute  solution  of  ferric  chloride,  that 
is,  such  as  would  be  of  a  colour  resembling  sherry  wine,  add  solu- 
tion of  stannous  chloride  until  the  former  loses  its  yellow  colour, 
and  becomes  green.  This  is  an  evidence  that  it  has  parted  with 
the  quantity  of  chlorine  sufficient  to  convert  the  staanous  chloride 
into  sesquichloride  ;  the  iron  salt  becoming  ferrous  chloride.  This 
solution  is  then  to  be  diluted  with  its  own  bulk  of  water.  Next  a 
solution  of  auric  chloride  having  been  prepared,  as  neutral  as 
possible,  and  in  the  proportion  of  one  part  of  gold  in  360  of  water, 
the  tin  salt  is  added  with  constant  stirring  as  long  as  any  preci- 
pitate is  produced.     This  latter  is  to  be  washed  as  quickly  as 
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possible  by  decantation,  and  dried  at  a  gentle  heat.  The  iron  salt 
doea  not  affect  the  result. 

Buisson*  has  published  a  method  as  follows  : — A  neutral  so- 
lution is  made  of  one  part  of  tin  in  nitrio  acid ;  this  is  his  first 
solution.  Two  parts  of  tin  are  then  dissolved  in  cold  nitro- 
hydrochloric  acid,  formed  by  mixing  one  port  of  hydroohlorio 
with  three  parts  of  nitrio  acid ;  a  httle  heat  may  be  cautiously 
applied  towards  the  end  of  the  solution,  so  as  to  ensure  no  stan- 
nous oxide  remaining  in  the  solution,  and  thus  it  will  not  preci- 
pitate the  gold  solution.    This  is  called  No.  2  solution. 

Next,  an  acid  of  six  parts  of  hydrochloric  to  one  of  nitric  u 
made,  and  in  this  seven  parts  of  gold  are  dissolved,  and  the  solu- 
tion  at  once  thrown  into  3500  parts  of  water ;  the  whole  of  the 
solution  No.  2  is  then  added  to  the  solution  of  gold,  and  subse- 
quently No.  I  dropped  in  also,  but  by  degrees,  ceasing  directly 
the  right  colour  is  arrived  at.  If  too  little  of  No.  1  be  used  the 
colour  will  be  violet,  if  too  much  it  will  be  brown.  If  the  preci- 
pitate does  not  settle  at  once  Buisson  advises  the  whole  to  be 
poured  into  a  vessel  of  water  in  such  a  way  as  that  they  mix  very 
gradually.  When  the  powder  has  completely  separated  it  is  to  be 
washed  very  quickly  and  dried. 

As  a  proof  of  the  uncertain  compoution  of  the  purple  of  Cas- 
siuB  it  may  be  stated,  that  published  analyses  range  between  14  of 
gold  to  76  of  tin,  and  78  of  gold  to  20  of  tin. 

In  the  moist  state  it  is  a  reddish -purple  powder,  passing 
through  various  shades  to  brown,  according  to  its  preparation. 
When  dry  it  always  appears  brown.  It  is  soluble,  while  yet 
moist,  in  ammonia,  affording  a  liquid  of  a  purple  red,  and  very 
intense  in  colour.  From  this  solution  it  is  again  precipitated 
by  acids,  and  it  may  also  be  recovered  &om  its  solution  in  am- 
monia, by  simple  evaporation.  Hydrochloric  acid  has  no  action 
upon  it,  but  boiling  nitric,  or  sulphuric  acid,  brightens  its  colour, 
and  dissolves  out  oxide  of  tin. 

Alloffi. — Gold  and  mercury  combine  at  any  temperature,  but 

*  Journal  FItaTm.  14,  S19. 
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for  the  speedy  fonnation  of  an  amalgam,  the  gold  may  be  heated  ; 
and  added  to  the  mercury,  also  slightly  heated  ;  but,  if  the  gold 
be  in  a  state  of  more  or  less  fine  division,  it  is  soluble  in  mercury 
when  cold.  '  Gmelin  states  that  an  amalgam  of  6  of  mercury  to  i 
of  gold  oiystallizes  in  four-sided  prisma,  and  that  the  mercury 
may  be  distilled  ofi*  from  this,  leaving  the  gold  in  on  arborescent 
form.  A  bar  of  gold  placed  in  mercury  will  become  covered  with 
small  crystals,  after  about  a  month's  immersion,  the  mercury 
penetrating  the  texture  of  the  gold  without  destroying  its  malle- 
ability. 

The  practice  of  'water-gilding,'  which  waa  generally  used  be- 
fore the  process  of  electro-gilding  was  knowu,  depends  entirely 
upon  the  capability  of  amalgamating  gold  with  mercury.  The 
article  to  be  gilt  is  covered  with  such  an  amalgam,  the  mercury 
then  driven  off  by  heat,  and  the  gold  finally  burnished  on. 

The  operation  is  this.  Six  parts  of  mercury  are  heated  with 
one  of  gold,  and  the  resulting  amalgam  squeezed,  so  aa  to  separate 
superfluous  mercury.  Thus  nearly  four  of  the  six  parts  of  mer- 
cury will  be  squeezed  out,  and  a  mass  of  the  consistence  of  butter 
left.  The  object  to  l^e  gilt  is  rubbed  over  with  a  solution  of  mer- 
ourous  nitrate :  thus  it  becomes  covered  with  a  superficial  layer  of 
that  metal.  And  now  the  amalgam  is  applied,  and  will  at  once 
attach  itself  to  the  mercurial  surface.  It  is  then  washed,  and 
gently  heated  over  some  burning  charcoal,  and  the  amalgam  kept 
uniformly  brushed  over  the  surface  by  means  of  a  soft  brush. 
The  heat  is  then  kept  up,  until  the  surface  assumes  a  dull  yellow 
colour,  when  it  is  removed,  and  polished  by  a  wheel  brush,  kept 
moist  by  dilute  vinegar.  A  mixture  of  bees'  wax  and  verdigris  is 
then  applied,  the  latter  having  an  affinity  for  mercury,  removes 
any  which  is  still  left  on.  Lastly,  the  article  is  humiahed,  washed 
with  dilute  nitric  acid,  and  afterwards  with  water,  and  dried. 
The  whole  operation  however  is  most  noxious  to  the  health  of 
those  who  practise  it ;  hence  electro-gilding  haa  almost  super- 
seded it. 

Gold  and  silver  unite  in  any  proportion,  affording  alloys  of  all 
tints  of  colour  bet«een  silver  and  gold,  such  being  white,  greenish 
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Tvhite,  green,  greenish  yellow,  up  to  the  orange  yellow  of  gold. 
When  alloyed  in  equal  proportions  all  colour  of  gold  is  lost,  the 
alloy  being  nearly  as  white  as  silver.  Three  parts  of  silver  to 
seven  of  gold  gives  a  green  alloy.  By  adding  silver  the  hardness 
of  gold  is  somewhat  increased,  without  at  all  diminishing  its 
malleability.  It  is  rendered  rather  more  fusible.  No  gold  ip 
found  in  nature  without  silver,  and,  on  the  other  hand,  no  silver 
is  free  from  traces  of  giild,  even  refining  will  not  entirely  separate 
silver  from  gold,  and  it  is  only  to  be  done  by  the  laboratory 
operations  for  pure  gold  already  described. 

Platiuum  alone,  is  not  very  hurt^  to  gold,  but  a  mere  trace 
of  palladium  with  gold,  will  render  the  latter  very  brittle,  and 
gold  ingots  are  sometimes  met  with,  into  the  composition  of  which 
palladium  has  found  its  way.  And  it  is  further  troublesome, 
because  not  very  readily  separable  by  refining  operations,  and 
the  same  may  be  said  of '  platinum  as  to  refining.  The  latter 
metal  is  sometimes  mixed  with  gold,  for  the  specific  gravity  of  the 
gold  ia  not  diminished  by  this  alloying,  and  again  its  presence 
may  be  overlooked  by  want  of  care  in  assaying  (this  will  be  spoken 
of  in  the  assay  of  gold),  while  at  the  same  time  its  commercial 
value  is  so  much  below  that  of  gold,  that  it  becomes  a  very  con- 
venient agent  in  tho  hands  of  the  fraudulent 

The  metal  iridium  is  frequently  met  with  in  gold  as  already 
mentioned  (p.  252)  not  alloyed,  but  merely  disseminated  through- 
out the  bars. 

Gold  and  copper  form  a  reddish  alloy,  very  much  harder  than 
either  of  the  constituents,  the  maiimum  hardness  being  exhibited 
by  an  alloy  of  seven  parts  of  gold  with  one  of  copper.  If  the 
copper  be  pure,  the  malleability  of  the  gold  is  not  much  de- 
stroyed ;  but  the  least  trace  of  antimony,  arsenic,  or  lead,  asso- 
ciated with  the  oopper,  will  render  the  alloy  completely  brittle. 

From  the  hiudranoe  occasioned  to  coining  operations  by  these 
mctnls,  in  1856  the  author  was  engaged  as  already  stated  (p.  13) 
by  the  Bank  and  Mint  authorities  to  investigate  the  matter ;  for 
the  question  at  iaaue  was  whether  the  bars  as  imported  into  the 
Mint  by  the  Bank,  contained  the  offending  metals ;  or  whether 
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the;  were  introduced  in  the  alloy  employed  by  the  Mint,  for  they 
were  all  above  standard  value,  and  consequently  had  to  be  lowered 
by  alloying.  The  copper  therefore  waa  analyzed,  also  a  certMn 
number  of  the  gold  bars  which  had  been  sent  in.  The  copper  waa 
comparatively  free  from  impurity,  and  the  following  analysis  of 
the  bar-gold  before  melting  for  alloying,  gives  a  fair  sample  of 
the  whole,  and  shows  sufBcient  impurity,  and  of  such  nature  aa 
to  account  for  the  condition  found  at  the  Mint  Gold  98-68  per 
cent,  silver  -83,  iron  '42,  separated  antimony  '017,  antimony  with 
tin  not  separated  -043. 

The  total  amount  of  antimony  and  tin  here,  viz.,  -07  part 
(beiug  I  part  in  1410  of  alloy),  is  quite  sufficient  to  confer  the 
amount  of  brittlenesa  which  existed,  and  ftirther,  any  trace  of 
arsenic  remaining  in  the  copper  would  add  to  it  in  association 
with  the  above  metale.  Here  however  the  copper  waa  free.  In 
such  cases  of  analysis  the  aigentic  chloride  should  be  examined 
for  tin  and  antimony,  some  of  which  will  go  down  with  it  by  ac- 
tion of  the  nitric  acid  in  the  solution  of  the  sample. 

On  witnessing  the  rolling  and  adjusting  to  thickness  of  the 
standard  metal  found  from  the  alxive,  it  was  seen  to  pnll  to  pieces 
under  the  strain  of  the  drawbencb,  and  when  a  fillet  waa  completed 
which  it  was  almost  impossible  tO  do,  it  was  unworlcable  in  the 
coining  preaa. 

Gold,  for  purposes  of  coinage,  would,  if  pure,  be  too  soft  to 
stand  the  hard  wear  to  which  coin  is  subject ;  heuce  it  is  always 
alloyed,  either  with  a  mixture  of  wlver  and  copper,  or  with  copper 
alone.  This  is  the  case  with  all  gold  articles  required  to  main- 
t^n  their  shape.  But  in  jewellery  alloy  is  employed  not  only 
for  hardening,  but  in  some  cases  to  modify  colour,  most  fre- 
quently, however,  to  economise  precioua  metal,  and  here  of 
course  alloying  metala  are  proportioned  so  as  to  alt«r  colour  as 
little  as  possible.  But  where  it  is  much  injured,  colour  is  re- 
stored by  t^moviog  the  surface-alloy  by  solution.  Hence  all  'co- 
loured '  articles  have  a  surface  of  pure  metal,  and  are  too  soft  to 
wear  well. 

The  best  alloy  for  coinage  purposes  is  equal  parts  of  copper 
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and  silver.  In  this  the  extreme  hardnesa  which  copper  gives 
where  used  alone  is  modified,  aod  the  piece  yields  in  wear  in 
place  of  abrading  as  a  hard  alloy  is  apt  to  do. 

This  was  the  alloy  of  the  old  English  guinea,  a  coin  famous 
for  resisting  hard  wear,  and  poBsessing  at  the  same  time  an  ex- 
cellent colour.  Our  present  ooin  is  made  regardless  of  the  nature 
of  the  alloy,  as  they  are  now  without  the  means  of  carrying  on 
refining  operations  at  the  Mint ;  hence  in  a  dozen  sovereigns  a 
practised  eye  can  detect  nearly  as  many  shades  of  colour,  depend- 
ent upon  the  amount  of  silver  contained  in  Uie  gold  before  alloy- 
ing, having  rendered  more  or  less  copper  necessary.  lu  the 
American  coin  the  alloy  is  chiefly  copper ;  thus  the  coins  are  of  a 
red  tint,  and  veiy  hard. 

DUcriminaUon  of  Gold. —  i.  Dihydric  sulphide  or  anunonio- 
hydric  sulphide  gives  a  brown  precipitate  of  auric  sulphide,  but 
the  second  is  never  used  as  a  precipitant  as  the  resulting  sul- 
phide is  soluble  in  it,  as  also  in  the  sulphides  of  sodium  or  of 
potassium.  The  precipitate  is  insoluble  in  nitric  or  in  hydro- 
chloric acid  separately  ;  but  soluble  in  aqua  regia. 

I.  Ferrous  sulphate  is  a  most  delioate  test,  producing  a  beau- 
tiful blue  tint,  even  in  exceedingly  weak  solutions. 

3.  The  characteristic  test  is  stannous  chloride ;  and  thus  a 
gold  salt,  containing  only  igth  of  a  grain  of  gold,  dissolved  in  half 
a  pint  of  water,  will,  with  a  few  drops  of  this  reagent,  give  a  pale 
brown  precipitate ;  this  is  deeper  as  the  solution  is  stronger, 
becoming  deep  brown  where  the  same  quantity  is  dissolved  in 
about  100  grains ;  and  metallic  tin  is  even  more  delicate  in  this 
reaction. 

4.  Mercurous  nitrate  reduces  it  as  metallic  gold,  and  as  a 
dark  brown  precipitate. 

5.  Lastly,  if  the  compound  be  a  solid,  heating  will  reduce  it, 
and  metallic  gold  will  be  left. 

For  the  estimation  of  gold  quantitatively,  oxalic  acid  may  be 
used  to  a  solution  containing  a  little  excess  of  hydrochloric  acid. 
The  precipitated  gold  will,  however,  be  some  time  in  completely 
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separating  (not  lees  than  24  boura),  and  the  solution  will  require 
to  be  well  heated.  When  all  is  precipitated,  the  gold  must  be 
collected,  washed,  and  ignited  at  a  low  red  heat,  before  weighing. 
By  this  any  o^ialio  acid  will  be  Tolatilized,  suppoaing  any  be  pre- 
vioiialy  retained. 

Ferrous  sulphate  may  also  be  employed,  and  it£  action  is 
somewhat  quicker  than  that  of  oxalic  acid.  The  precipitate 
here  requires  washing  with  a  little  dilute  hydrochloric  acid,  and 
gently  igniting,  as  in  the  former  case,  before  wetghiug. 

At  times,  where  the  separation  of  gold  has  to  be  made  from 
some  other  metals,  it  may  be  precipitated  by  dihydric  sulphide. 
But  here,  after  washing,  the  precipitate  is  ignited,  and  the  result 
weighed  as  metallic  gold. 

Gold  may  be  separated  from  mercury  in  the  wet  way,  by 
making  a  solution  in  nitro-hydrochloric  acid  in  the  usual  way ; 
then  precipitating  by  oxalic  acid.  The  precipitate  is  acted  upon 
by  some  hydrochloric  acid,  so  as  to  dissolve  out  oxalate  of 
mercury.  The  gold  is  weighed  after  washing  and  igniting. 
Lastly,  the  mercury  is  separated  by  stannous  chloride,  and 
weighed  (page  146)- 

Although  somewhat  in  advance  of  the  subject,  the  analysis  of 
a  portion  of  alloyed  gold  may  be  here  considered,  premising  that 
the  relative  proportions  of  gold,  silver,  and  copper,  only  are  desired 
to  be  known.  The  alloy  would  be  dissolved  as  usual,  separated 
from  argentic  chloride ;  then  evaporated,  dissolved,  and  diluted. 
Thus  the  rest  of  the  argentic  chloride  would  be  precipitated,  and 
may  be  collected  on  a  filter,  with  the  portion  left  from  the  acid 
solution.  This  filter  must  be  very  thoroughly  and  quinkly  washed 
with  water  acidulated  with  a  little  nitro-hydrochloric  acid,  and 
subsequently  with  hot  water,  or  it  is  apt  to  retain  notable  quan. 
tities  of  gold. 

The  silver  \b  weighed  and  calculated  as  already  described. 
Next  throw  down  the  gold  quickly  by  oxalic  acid,  and  heating. 
When  all  is  down,  heat  the  collected  gold  to  redness  in  a  platina 
capsule :  this  decomposes  any  other  oxalates  formed.  After  this 
the  gold  is  to  be  boiled  in  hydrochloric  acid,  which  dissolves  any 
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copper  out ;  and  if  traces  of  iron,  lead,  or  antimony  bo  present, 
these  will  also  be  so  removed. 

The  remaining  solution  may  now  have  some  ammonia  added  to 
it :  this  will  retcun  the  copper  in  solution  while  it  precipitates 
other  metals.  Theee  latter  are  to  be  filtered  away,  and  the  clear 
blue  liquid  treated  with  caustic  potass,  and  boiled.  The  cuprio 
oxide  precipitated  is  to  be  filtered  out,  washed,  dried,  and  the 
filter  carefully  burned  after  the  separation  of  the  precipitate,  leat 
any  oxide  should  be  reduced  to  suboxide.  The  precipitate  is, 
lastly,  ignited  and  weighed.     (See  Estimation  of  Copper.) 

Before  treating  of  the  actual  assay  of  a  specimen  of  alloyed 
gold,  it  will  be  well  to  examine  the  methods  by  which  assays  may 
foe  made  of  ores,  quartz,  Szc.,  containing  gold,  as  such  Iatt«r  must, 
in  fact,  be  carried  out  in  such  oases,  preliminary  to  the  cupelling 
and  parting  operations  used  upon  alloys. 

Many  such  matters  may  be  treated  precisely  in  the  way 
described  for  silver :  thus  they  may  be  Aiaed  with  lithai;ge  in  a 
crucible,  or  they  may  be  treated  with  lead,  and  scorified.  In 
either  case  the  button  resulting  is  subsequently  worited  in  the 
usual  way,  by  oupellation,  &c. 

Suppose  it  be  desired  to  estimate  the  amount  of  gold  in  a 
small  specimen  of  quarts.  In  order  to  facilitate  powdering,  it 
may  first  be  heated  to  redness,  and  plunged  in  a  basin  of  cold 
water.  This  splits  it  into  such  small  frsigments  as  to  render 
powdering  easy  in  an  ordinary  mortar.  From  the  powder,  from 
two  to  five  or  six  specimens  may  be  weighed,  of  300  grains  each 
(more  or  less  being  taken  according  to  presupposed  richness),  and 
the  assays  made  from  the  number  are  averaged  for  the  result. 
But  where,  instead  of  upon  a  smalt  specimen,  the  operator  has 
access  to  a  quantity,  something  like  a  ton  should  be  broken  up 
and  well  mixed,  and  from  this  several  quantities  should  be  selected, 
the  whole  done  with  such  plans  and  precautions  as  circumstances 
may  suggest  as  likely  to  give  a  fair  average  of  the  whole,  for 
much  care  must  be  exeroised  in  order  to  ensure  a  sample  giving  a 
fair  representation  of  the  value  of  the  bulk ;  and  the  more  so  fix)m 
the  value  of  the  resulting  metal,  and  also  considering  the  fact  that 
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it  is  OB  often  found  diffused  in  isolated  grains  or  filaments  through 
the  matrix  as  it  is  in  a  more  regularlj'  distributed  condition  Any 
such  grains  separated  during  powdering  and  sifting  may,  of  course, 
be  at  once  removed  and  estimated. 

Having  weighed  the  portion  of  powdered  ore,  Utharge,  equal  in 
weight  to  the  sample,  half  the  weight  of  dried  sodio  carbonate,  and 
rather  more  than  half  of  powdered  charcoal,  are  next  mixed  with 
it,  and  the  whole  put  into  a  black-lead  crucible  of  such  capacity  as 
to  be  about  half  filled  by  it ;  a  little  borax  is  next  sprinkled  over 
aU,  and  it  is  ready  for  the  fumaee. 

It  may  be  mentioned  that  the  above  are  average  proportions, 
which  may  be  varied  according  to  the  presumed  quality  of  the 
specimen. 

The  crucible  is  next  heated  in  a  Sefstrom's  furnace,  or  in  a 
small  wind  furnace,  the  heat  being  steadily  raised ;  fbr,  if  too 
great  at  firat,  the  efTervescence  caused  by  the  escape  of  carbonia 
acid  from  the  soda  salt,  which  is  produced  by  the  siUoa  taking 
its  soda,  would  endanger  loss.  Moreover,  this  violent  action  is 
increased  by  the  tinion  of  carbon  with  the  oxygen  of  the  litharge. 
When  the  action  has  become  somewhat  moderate,  the  heat  may 
be  urged  to  full  redness,  so  as  to  render  the  mixture  quite 
homogeneous.  A  double  circular  ingot-mould  being  provided,  the 
crucible  is  removed,  and  the  contents  poured,  the  slag  first,  into 
one  concavity.  The  pouring  is  stopped  when  the  reduced  metal 
is  about  flowing  out ;  the  latter  is  then  to  be  poured  into  the 
other  cup  of  the  mould.  When  cold,  they  are  taken  out ;  and  the 
button,  being  flattened  to  free  it  from  any  adherent  slag,  is  ready 
for  cupellation.  The  litharge  is  apt,  without  care,  to  permeate 
the  crucible  after  efiervescence  is  over.  This  must  be  prevented, 
or  the  result  will  be  worthless.    (See  pages  loi  and  106.) 

Phillips  '  advises  the  use  of  litharge  or  red-lead  alone,  but  witit 
a  small  quantity  of  a  reducing  agent,  viz.  charcoal,  and  says  that 
when  the  rock  operated  upon  does  not  contain  any  appreciable 
quantity  of  iron  pyrites,  or  any  other  metallic  sulphide,  600  grains 

•  Milling  and  Mttallurgy  of  Gold  and  Silvtr,  piige  »»7. 
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of  finely-powdered  ore  is  to  be  intimately  mixed  with  4000  of 
litharge  or  red-lead,  and  i;  to  10  of  flour,  starch,  or  finely- 
powdered  charcoal ;  and  he  adopts  this  weight  of  ore  as  Con- 
Tenient,  being  such  a  one  as  is  easily  fused  in  a  No.  10  French 
crucible.  It  is  heated  until  in  fusion,  withdrawn,  cooled,  and 
the  crucible  broken  ;  the  button  of  rich  lead  is  cleaned  for 
cupellation. 

A  second  example  may  be  given  in  the  treatment  of  auriferous 
pyrites,  where,  of  course,  much  sulphur  is  present.  Here,  then, 
the  first  step  after  powdering  is  to  roast  the  material  well,  so  as 
to  drive  off  the  sulphur;  and  by  this  treatment  the  iron  will 
simultaneously  be  converted  into  oxide.  For  this  first  step  the 
powdered  ore  is  put  into  a  scorifier  or  a  roasting  dish,  and  placed 
in  a  muffle.  The  roasting  should  be  begun  at  a  very  moderate 
temperature,  and  with  frequent  stirring;  for  if  too  great  heat  is 
used  at  first,  the  materials  would  fuse  and  cake ;  but  as  sulphur 
is  evolved,  the  heat  may  be  raised  by  placing  the  dish  in  hotter 
parts  of  the  muffle.  • 

A  weighed  quantity  of  this  roasted  ore  may  be  next  treated  as 
detailed  for  an  ordinary  quartz  specimen  ;  but  Phillips  advises 
fluxes  in  the  following  proportion,  viz.  to  every  one  part  of  roasted 
ore  six  parts  of  litharge,  one  of  dry  borax,  and  irom  1 5  to  20  grains 
of  charcoal,  just  as  much  of  the  reducing  agent  being  needed  as 
will  give  a  button  of  lead  sufficient  to  collect  the  whole  of  the 
gold,  and  a  button  of  a  convenient  size  for  cupellation  :  too  little 
lead  would  endanger  loss  of  gold ;  too  much  would,  on  the  other 
hand,  give  so  large  a  button  as  to  be  troublesome  in  cupellation. 

Auajf  of  Gold  Alloy*. — In  earlier  days  of  these  operations, 
when,  for  commercial  ptuposes,  they  were  not  carried  to  the  nicety 
of  the  present  time,  it  was  common  to  make  a  kind  of  rough  assay 
by  means  of  the  touchstone,  and,  in  experienced  hands,  with 
pretty  good  results,  so  that  even  now  the  plan  is  occasionally 
followed  for  small  articles  of  jewellery  and  the  like.  The  requi- 
sites for  the  process  were  a  few  needle-shaped  pieces  of  gold,  of 
various  known  qualities,  commencing  with  one  of  fine  gold,  and 
passing  down  to   18  carat  gold  by  half  carats.      Thus  the  first 
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would  be  24  carat,  or  fine,  the  second  23},  tbe  third  23,  and  so 
OD.  Tbeu,  after  18  oarat,  desoending  in  quality  by  a  whole  oarat 
at  a  time. 

The  touchstone  is  a  piece  of  hard  basaltic  atone,  with  a  surface 
just  rough  enough  to  abrade  the  metal  and  retain  a  small  portion 
of  it  upon  its  surface  for  examination  by  acid.  The  acid  employed 
is' nitric,  of  about  i-zo  specifio  gravity.  The  sample  to  be  exa- 
mined has  some  angular  part  of  it  drawn  across  the  surface  of  the 
stone  ;  but,  as  in  articles  of  jewellery,  the  surface  is  often  what  is 
termed  '  coloured,'  and  consequently  richer,  a  few  rube  are  given 
of  the  part  to  be  examined  upon  some  rough  sur&ce,  previous  to 
making  the  testing  line  upon  the  touchstone.  The  aasayer  then 
takes  one  or  two  needles  which  he  supposes  to  be  near  in  quality 
to  the  one  sought  These  are  drawn  across  the  stone,  and  then 
all  the  streaks  are  moistened  with  the  nitric  acid.  If  the  quality 
of  the  unknown  specimen  is  nearly  the  same  as  that  of  one  of  the 
needles  used,  the  action  of  the  acid  will  be  nearly  similar  in  the 
two  ;  if  not,  the  streak  made  by  the  coarser  of  them  will  be  moat 
acted  upon,  and  his  ezperienoe  would  then  point  out,  by  pecu- 
liarities in  the  test  streak,  what  needle  he  would  have  to  choose 
for  final  comparison.  The  action  of  the  acid  is  upon  the  alloy,  and 
gives  a  more  or  less  green  solution.  The  gold  is  untouched.  The 
practice  is,  however,  a  vety  rude  one,  and  at  best  depends  too 
much  upon  judgment. 

The  outline  of  the  operation  for  the  actual  assay  of  gold  is  as 
follows: — An  assay  pound  of  the  alloy  is  first  very  accurately 
weighed  ;  next,  pure  silver,  to  the  amount  of  from  two  to  three 
times  the  supposed  weight  of  gold  is  added ;  then  this  is  cupelled 
with  a  proper  proportion  of  pure  lead.  The  button  so  obttuned  ia 
now  flattened  somewhat  by  the  hammer,  and  then  rolled  into  a 
ribbon.  This  ribbon  is  annealed  and  coiled,  and  is  then  ready  for 
the  parting  operation,  which  consists  in  boiling  it  twice  in  nitric 
acid,  and,  between  and  also  after  the  boilings,  washing  in  water. 
Lastly,  annealing  the  fine  gold,  and  weighing.  Gold  (in  assaying 
operations)  is  best  weighed  decimally.  Thus,  in  a  pound,  or  1000 
parts  of  English  standard  gold,  we  should  find  916-66  of  fine. 
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The  decimal  6  may  be  carried  out  u  it  ia  a  recurriug  one ;  and  as, 
with  proper  care,  asaay  reaulta  of  gold  may  be  easily  brought  to  a 
tenth  of  a  millieme,  so  reports  may  be  neU  made  to  that  degree  of 
closeness.  The  decimal  weights  may  be  converted  into  trade  by 
calculation,  but  there  are  now  complete  tables  pubUshed  for  this 
purpose. 

The  system  of  trade  weights  for  gold  is  not  the  pound  divided 
into  ounces  and  peimyweights,  aa  for  aUver ;  but  the  pound,  or 
looo  parts,  is  said  to  contain  24  carats,  each  carat  4  carat  grains, 
and  these  latter  are  divided  into  halves,  quarters,  and  eighths  ;  the 
eighth,  or  768th  part,  thus  equalling  the  decimal  1*3  (or  a  little 
over).  Up  to  about  twenty-five  years  since  assay  reports  for  the  pur-  . 
chase  of  gold  were  only  required  up  to  the  quarter  of  a  carat  grain. 
But  about  the  year  iSjz  the  Bank  and  Mint  required  them  to  be 
made  to  tfae  eighth,  and  at  the  same  time  desired  the  decimal 
report  to  be  sent  in  alao  ;  then,  as  in  purchasing  they  paid  to  the 
eighth  of  a  carat  grain  only,  any  small  decimal  above  that  of  the 
nearest  eighth  was  so  much  profit  to  the  buyer.  For  example, 
supposing  a  bar  was  found  by  the  assayer  to  have  9176  per 
thousand  of  fine  gold  in  its  composition,  he  would  report  this 
decimal,  but  with  it  the  trade  report  of  standard,  and  the  differ- 
ence between  9176  and  916-6  (the  true  value  of  standard)  or  one 
thousandth  would  be  so  much  profit  to  the  purdiaser,  for  although 
better  than  standard,  it  could  not,  of  course,  be  reported  as  better 
one  eighth,  unless  the  decimal  was  as  high  as  9 1 8-a 

The  Bank  have  lately  altered  their  plan  of  reports,  and  now 
require  the  decimal  to  the  third  of  the  millieme  only. 

As  the  assay  pound  is  supposed  to  represent  the  troy  pound  of 
5760  grains,  the  carat  eighth  will  be  just  7  j  troy  grains. 

The  actual  weight  of  the  assay  pound  may  vary  much  accord- 
ing to  tlie  practice  of  the  operator,  thus  some  assayers  (those  who 
follow  the  French  directions)  use  only  7'$  grains,  the  half  gramme, 
while,  on  Qie  other  hand,  English  assayns  will  use  from  1  o  up  to 
16  grains.  The  capability  of  using  a  tolerably  large  weight  of 
course  assists  in  the  greater  delicacy  of  the  small  weighings.  By 
a  trade  report,  as  it  is  termed,  standard  gold,  which  contains  1 1 
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parts  of  gold  to  ■  of  alloy,  would  be  said  to  be  2  z  camt  gold,  anj 
apecimen  containing  more  gold  would  be  called  '  better,'  and  lew 
than  that  amount  '  worse.'  As  this  method  of  weighing  is  still  used 
hy  many  assayera,  an  illustration  or  two  may  be  given.  Having  at 
first  '  weigbed  in'  an  assay  pound  of  metal,  and  oorried  it  through 
the  various  stages  of  the  operation,  the  tiue  piece  of  gold  resulting 
is  placed  in  the  balance ;  in  the  other  pan  is  put  the  12  carat,  or 
standard  weight  Suppose  the  gold  does  not  counterpoise  this, 
sufficient  weights  are  added  upon  the  gold  pan,  and  thus,  sup- 
posing a  carat  grain,  a  half,  and  an  eighth,  were  found  neoeasary, 
the  gold  would  be  reported,  W.  o  carat,  if  gr.  If,  on  the  other 
hand,  it  was  heavier  than  the  standard  weight,  and  weights  (say) 
of  I  carat,  if  gr.  were  required  to  be  added  to  the  weight  pan,  the 
report  would  then  be,  B,  i  carat,  i{  gr.  Thus  gold  of  18  carats 
fine  would  be  written,  W,  4  carats. 

The  rough  weights  of  metal  for  the  gold  assays  being  prepared 
by  an  assistant,  are  weigbed  in  for  the  furnace  by  the  assayer 
himself,  as  described  in  the  silver  operation  (page  zo$),  any  small 
additions  or  deductions  made,  being  done  by  cleanly  snipping  off 
minute  pieces  with  snips,  until  the  weight  is  very  closely  adjusted, 
when  any  slight  deviation  from  zero  of  the  balance  may  be  noted 
to  be  allowed  for  '  in  weighing  out  the  assay.'  The  practice 
advised  by  some  of  reducing  the  weight  by  a  file  is  very  objection- 
able, as  the  file  dust  ia  sure  to  adhere  to  the  hands,  and  thus  lead 
to  inaccurate  weighing,  being  liable  to  fall  into  the  balanoe  pan  or 
akifT  in  which  the  metal  is  weighed. 

The  operator  then  judging  quality  from  external  appearance, 
^.,  next  adds  to  the  specimens  of  metal  the  requisite  amount  of 
pure  (or  '  water')  silver,  and  then  wraps  silver  and  gold  together 
in  a  piece  of  sheet  lead,  weighing  half  the  amount  of  the  lead 
required  for  oupellation. 

The  quantity  of  lead  to  be  employed  will  be  about  6  times  the 
weight  for  gold  down  to  about  920.  Below  that  and  down  to  750, 
8  times  will  suffice.  And  for  qualities  below  the  latter,  10  will 
often  be  required,  although  these  proportions  are  often  modified 
bj  the  presiuned  nature  of  the  alloy. 


ooLD.  279 

The  furnace  being  prepared  and  heated  juBt  aa  deaoribed  for 
silver,  the  asaajs  are  charged  in  when  the  heat  ia  judged  to  be 
sufficient,  and  the  cupel  opemtion  is  then  carried  on,  as  with  silver. 
But  the  care  requisite  here  is  very  much  less  than  that  needed 
for  silver  assays,  the  object  being  as  much  the  alloying  of  gold  and 
silver,  as  the  complete  separation  of  oiidizable  metals ;  because 
any  small  amount  of  the  latter  left  in  the  assay  will  be  removed 
by  the  acid  in  the  parting  operation,  ^vhicb  4^tained  alio;  in  a 
silver  assay,  where  there  is  no  afler  assisting  operation  would  be 
just  BO  much  of  error.  A  certain  amount  of  cars  is,  however,  to 
be  exercised  for  several  other  reasons;  thus,  for  example,  if  assays, 
and  especially  gold  ones,  be  charged  into  cupels  insufficiently 
'seasoned'  (see  page  191),  'spurting'  is  to  sure  result:  this  ia  the 
throwing  up  from  the  bath  of  fused  metal  of  a  number  of  Hmall 
beads  of  the  assay ;  these  will  be  projected  even  to  the  crown  of  the 
muffle,  and  falling  all  around,  spoil  the  assays  in  the  Hurroundiug 
cupeb.  Again,  loss  may  accrue  from  vegetation  or  springing  if 
the  assays  have  been  carelessly  cooled  down  ;  and,  lastly,  a  muffle 
not  properly  cleared,  or  having  a  fragment  of  coal  shut  up  in  it, 
will,  by  containing  an  atmosphere  of  carbonic  acid,  cause  reduc- 
tion of  the  oxide  of  lead  at  the  external  parts  of  the  cupel,  which 
reduced  lead,  being  taken  by  the  yet  fluid  button,  will  render  it 
so  brittle  as  to  fly  to  pieces  under  the  hammer. 

The  flatting  hammer  requires  some  dexterity  in  its  use.  The 
buttons  being  taken  from  the  furnace  are  one  by  one  placed  upon 
an  anvil  and  struck  about  three  blows ;  the  flrst,  a  downnght  one, 
gives  the  piece  the  diameter  equal  to  the  width  required  of  the 
ribbon.  The  next  blow  is  a  kind  of  drawing  one  upon  the  edge, 
whereby  a  kind  of  tongue  is  drawn  out  sufficiently  thin  to  cause 
it  to  be  readily  seized  and  drawn  in  between  the  rollers  of  the 
flatting-mill.  The  other  end  of  the  assay  is  then  turned  round,  and 
a  similar  blow  and  conformation  given  to  it 

The  board  containing  the  flattened  buttons  is  now  taken  to 
the  rolling-mill,  and  all  are  passed  through,  with  the  rollers  set 
just  at  such  distance  apart  as  will  equalise  tite  assays.  They  are 
next  adjusted  down  to  the  distance  which  shall  elongate  the  assay 
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into  a  ribbon  of  metal  required ;  and  now  if  the  flattening  opera- 
tion with  the  hammer  has  been  well  performed,  they  ebould  all  be 
of  equal  breadth,  and  for  an  assay  pound  of  logruns,  should  mea- 
sure about  '4  of  an  inch  wide,  the  rolling  operation,  bringing  them 
to  2-1  inches  loi^. 

This  treatment  of  the  metal  will,  however,  have  rendered  it 
very  hard  and  dense,  therefore  annealing  is  required  before  the 
parting  operation,  for  which  purpose  the  assays  are  placed  in  a 
solidly  made  iron  tray,  each  one  in  a  separate  division.  The  tray 
is  put  into  the  muffle  and  heated  to  dull  redness,  after  which  it  is 
taken  out  and  the  ribbcmB  of  metal  coiled  up  into  small  cylindrioal 
rolls,  called  'comets.' 

The  requisite  number  of  assay  glasses  are  then  each  chained  with 
from  2  to  3  ounces  of  nitric  acid  of  a  specific  gravity  of  about  i  -zo. 
They  are  very  readily  charged  by  employing  a  pipette  which  con- 
tains the  requisite  quantity,  and  filling  from  a  tall  glass  jar  of 
acid,  thus  a  set  of  50  glasses  may  be  done  in  a  few  minutes.  The 
filled  glasses  are  then  arranged  upon  a  gas  parting  apparatus. 
A  small  one  is  shown  in  fig.  59,  and  the  method  of  condensing 
acid  in  such  a  small  arrangement.  It  consists  of  a  tube,  A,  con- 
nected with  the  gas  Supply,  On  the  upper  part  of  this  are  screwed 
a  numlier  of  cocks ;  and  on  the  outer  screw  of  each  of  these  a 
cup-shaped  burner,  B,  is  screwed  ;  the  jets  of  the  burner,  passing 
out  horizontally  Irom  its  circumference,  cause  the  flame  from  each 
to  wrap  itself  round  the  end  of  the  glass.  For  a  small  set  of  from 
6  to  1 1  burners  the  arrangement  shown  in  the  drawing  may  be 
adopted  where  the  whole  are  fixed  in  a  mahogany  stand.  This 
latter  is  furnished  with  a  set  of  long  tubes,  D,  one  for  each  glass, 
C  ;  and  when  the  evolution  of  acid  vapours  commences  these  may 
be  inserted  in  the  necks  of  the  glasses  :  thus  condensation  of  the 
acid  takes  place  in  them,  and  the  condensed  product  runs  back 
into  the  glass,  while  the  escape  of  noxious  vapour  is  to  some 
extent  moderated.  In  an  active  laboratory,  where  50  or  often 
more  are  worked  at  a  time,  it  is  ueceHsary  to  arrange  the  whole  in 
some  convenient  chamber,  provided  with  a  flue  for  carrying  the 
acid  vapours  away.     The  tubes  D  are  then  dispensed  with,  and 


the  biimeTa  are  better  to  be  placed  upon  tvo  or  even  Uiree  gaa 
tubes,  so  as  to  render  the  apparatus  more  oompaot,  and  bring  all 


Fig.  S9- 
the  glasses  well  under  the  eye  of  the  operator."     These  buinera 

*  The  coDdeDiiDB-tnbcs  Bbonld  be  ■bonldered  U  ihtnr  lower  eods  lo 
present  their  pHting  ti>o  fkr  into  the  sis^  flasks. 
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were  firet  employed  by  Mr.  Claudet  in  Professor  Graham's  labo- 
ratory, iind  subseqaenUy  in  his  own.  T  early  used  them,  and  for 
many  years  found  them  most  efficient.  In  our  Mint  Mr.  Field 
improved  upon  them  by  employing  Bunsen  burners  i  these  are  of 
great  advantage,  as  there  is  no  smoking  of  the  glasses  by  them, 
although  in  the  plain  burner  this  is  not  often  the  case,  as  the  gas 
is  rarely  burned  much  above  a  blue  flame.  In  Field's  apparatus 
he  has  an  excellent  plan  for  lifting  the  glasses  ofl*  in  rows. 

After  the  assay  glasses  have  cleared  of  red  fumes,  from  3  to  ; 
minutes'  brisk  boiling  is  kept  up ;  they  are  then  removed  fh)m 
the  burners,  and  the  solution  of  argentic  nitrate  poured  off,  the 
cometij  washed  with  a  little  hot  distilled  water,  and  a  tresh  dose 
of  acid  put  into  each  glass  (now  of  a  specific  gravity  of  I ')) ;  they 
are  then  boiled  again  for  1  j  or  10  minutes,  after  which  the  acid 
is  poured  off  and  the  glasses  quite  filled  up  with  warm  distilled 

It  will  be  found  that  acid  of  the  above  density  is  apt  to  boil 
nnsteadily,  and  its  vapours,  by  adhesion  to  the  sides  of  the  glass. 
will  be  given  off  irregularly  and  with  such  violence  as  even  to 
project  nearly  the  whole  of  the  acid  from  the  glass.  Hence  it  is 
found  necessary  to  put  some  body  in  with  the  assay,  which,  by 
affording  points  for  the  evolution  of  the  vapour,  shall  facilitate  its 
steady  delivery  from  the  fluid.  For  this  purpose  the  practice  by 
many  is  to  use  a  piece  of  charcoal ;  but  this  is  apt  to  induce  the 
evolution  of  nitrous  acid,  which,  by  absorption  in  the  acid,  will 
even  dissolve  portions  of  the  metal  This  has  been  proved  by  the 
author,  and  put  forward  in  a  paper  published  by  him."  More- 
over, the  acid  becomes  much  discoloured  by  charcoal :  hence  Field 
has  proposed  the  use  of  small  balls  of  porous  earthenware,  and 
these  answer  the  purpose  most  admirably. 

If  these  acids  are  examined,  it  will  be  found  that  the  first  has 
removed  nearly  all  the  silver,  via.  to  within  j  per  cent  of  the 
whole,  which  residue  is  very  nearly  separated  by  the  denser  second 
acid ;  the  small  quantity  left  being  generally  very  nearly  a  con- 
stant quantity,  varying  with  each  aasayer's  practice. 

*  Quarterlf  Journal  of  tkt  Chemical  Socii'lg,  i!6a. 


The  assays  are  neit  turned  into  small  porous  eartheoware 
crucibles  for  annealiug ;  but  the  coruets,  with  the  silver  oow 
removed,  occupy  the  same  bulk  as  before  parting  :  hence,  from 
their  spongy  and  consequent  friable  nature,  much  care  is  required 
in  effecting  this,  or  they  are  sure  to  break  up.  The  pot  is  there- 
fore firet  filled  with  water,  and  the  neck  of  the  glass  stopped  by 
the  fore-finger  ;  then,  being  dexterously  inverted  under  the  water 
of  the  pot,  the  finger  is  removed,  and  the  assay  allowed  to  fall 
steadily  into  the  pot,  time  also  being  given  for  any  pieces  (if  any 
should  by  chance  have  become  detached)  to  fall  on  to  the  asaay. 
In  this  operation,  if  the  piece  even  touch  the  finger  in  its  transfer, 
portions  are  very  likely  to  be  detached. 

The  pota  are  now  arranged  in  the  furnace,  and  heated  up  to 
an  annealing  heat,  thus  the  former  bulky  comet  is  condensed  and 
shrunk  considerably,  while  its  surface,  by  incipient  fusion,  becomes 
perfectly  metallic,  changed  from  the  brown  lustreless  appearance 
it  had  when  washed  off  to  a  pure  golden  surface. 

In  1854  Tookey  and  Henry*  made  some  experiments  upon 
boiling '  a  batch  of  assays  simultaneously,'  and  for  this  purpose 
they  employed  short  tubes  of  glass,  shouldered  at  one  end  so  as 
to  support  them  in  a  porcelain  plate  or  tile.  The  bottom  of  each 
tube  was  closed  by  a  circular  piece  of  perforated  platinum  foil. 
They  lowered  this  arrangement  in  a  vessel  of  nitric  acid,  and 
boiled  twice,  '  washed,  dried,  and  annealed,'  managing  the  whole 
as  one  assay,  and  thereby  saving  a  considerable  amount  of  time. 

An  excellent,  although  costly  apparatus,  has  been  devised 
I^  Matthey,  and  used  in  hia  aasay  office,  whereby  the  acid  work, 
with  the  necessary  washing  and  after  annealing,  are  all  carried 
out  in  the  same  apparatus,  in  which  also  they  are  then  brought 
to  the  balance  without  removal,  for  weighing  out.  It  m  shown 
in  fig.  60,  where  (a  ct)  are  boilers  made  in  platinum  and  furnished 
with  platinum  covers  and  condensing  tubes  {b  b)  which  convey 
the  vaporised  acid  by  a  funnel  into  some  fit  vessel  for  condensa- 
tion and  collection  (c) ;  {d)  is  a  platinum  tray,  divided  to  cairy 
a  number  of  platinum  cups.  These  little  thimble-like  cups  (fig.  61) 
•  Joarnal  Chtnt.  Sac.  vol.  viii.  aeritis  1,  page  366. 
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are  made  with  fine  saw  cats  through  their  bottom  for  free  circula- 
tion of  the  boiling  acid,  and  are  arranged  iu  rone  in  the  tray. 


Fig.  60. 

On  coiling  the  annealed  ribbons  they  are  placed  at  once  sepa- 
rately in  these  cups.  The  requisite  quantity  of  acid  being  put  into 
the  boiler  it  io  heated  up  by  a  Bunsen  burner  (e),  and  the  tray  is 
then  lowered  into  the  acid  by  the  aid  of  a  platinum  hook.  The 
right-hand  boiler  in  the  figure  is  shown  in  section  with  the  cup 
tray  lowered  in  it.  In  front  of  the  left  hand  ta  a  portion  of  a 
screen  placed  for  protection  of  the  burners  from  drafts 

•  of  air.  The  comets  are  then  boiled  the  requisite  time, 
after  which  the  tray  is  removed,  and,  with  its  contents, 
well  washed  by  immersion  in  boiling  distilled  water. 
It  is  then  put  into  the  boiling  vessel  a  second  time, 
and  with  stronger  acid.  After  the  second  boiling  the 
p= — .—  tray  is  again  removed,  and  finally  washed  with  hot 
distilled  water,  after  which  it  is  placed  iu  the  muffle 
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and  a  low  annealing  heat  given  it  ao  as  to  render  the  oometa  fit 
for  handling  and  weighing.  Care  must  be  used  here  not  to  get 
the  heat  too  high,  or  the  comets  are  liable  to  adhere  firmly  to 
the  platinum  cups.  For  platinum  and  gold  weld  very  readily  to- 
gether.   The  assays  are  now  ready  for  we^hing  out 

Uatthe/B  apparatus  was  introduced  into  the  Mint  Assay  Office 
by  Mr.  Field,  the  late  resident  asaayer,  and  he  has  somewhat  im- 
proved it  by  having  a  small  well  or  depreaeion  formed  at  the 
bottom  of  the  boiler,  by  which,  when  the  tray  contains  only  a  few 
assays,  they  may  be  worked  with  a  corresponding  small  quantity 
<^  acid.  He  has  also  had  a  ponring  lip  put  to  the  boiler  which  is 
a  convenience.  It  has  been  sent  out  for  use  in  the  New  Mint  now 
in  work  at  Melbourne  ;  and  I  have  just  received  an  account  of  its 
working  from  my  friend,  Mr.  Barton,  the  Assayer  to  the  Mint. 
He  says, '  The  apparatus  of  Mattbey's  is  a  very  great  sucoesB,  and 
we  like  it  much  ;'  and,  again,  '  The  platinum  apparatus  is  a  great 
saving  of  time,  and  only  requires  one  to  attend  to  it,  and  the  work 
ia  beautifully  regular,'  He  has,  however,  very  slightly  altered  its 
arrangement,  and  also  his  plan  of  boiUng,  in  order  to  suit  his 
office  arrangements.  The  testimony  of  an  operator  who  has  had 
the  experience  of  Mr.  Barton  is  valuable  and  reliable. 

The  disadvantages  of  the  apparatus  are,  perhaps,  not  to  be 
mentioned  when  its  usefulness  is  remembered.  But  the  following 
are  the  chief.  First,  the  tendency  to  adhesion  between  the  fine 
spongy  gold,  and  the  platinum  during  the  annealing  operation. 
-  This  causes  any  small  pieces,  if  such  are  detached,  to  adhere 
rather  readily,  and  very  firmly,  to  the  red  hot  cups. 

Hence,  it  is  necessary  not  to  anneal  so  fully  as  when  the  old 
clay  annealing  pot  is  used.  Then  in  a  set  of  glasses  any  assays 
which  may  contain  platinum  or  palladiimi  are  at  once  detected  by 
the  colours  produced  in  the  acid  by  these  metals.  Here,  how- 
ever, where  the  add  is  used  in  bulk  for  a  whole  set  of  assays,  any 
such  individual  cases,  of  course,  escape  entirely  this  means  of 
detection.  But  Mr.  Matthey  constructed  it  more  especially  for 
assays  of  metal  of  known  and  uaiform  oompoeition,  as  coinage 
bare,   for  example,  and  for  such  its  advantages  are  very  great. 
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After  the  acid  work  aud  annealing,  it  only  remains  to  weigh  the 
assays,  but  compensation  must  be  made  for  a  certain  retention 
of  silver ;  this  not  only  varies  with  different  operators,  ranging 
from  I  to  lo  grains  in  the  pound,  but  is  subject  to  slight  differ- 
ence, at  times,  with  the  same  aasayer,  dependent  upon  variations 
in  the  furnace  heat,  atmospheric  influence  upon  the  boiling  of 
the  acids,  and  other  disturbing  actions.  Beyond  this  there  will  be, 
on  the  other  hand,  a  drawback,  to  be  given  from  the  previous  deduc- 
tion, this  is  fur  loss  of  gold  during  the  operation,  which  is  subject 
to  like  variation  with  the  silver  retention,  and  averages  about  i  to  6 
gntiua  in  the  pound.  Hence  the  operation  can  only  be  carried  on 
to  perfection  by  those  who  are  continually  practising  it ;  and  in 
such  hands  it  needs  daily  tests  to  be  passed  with  the  working 
assays,  as  proofs  or  standards,  whereupon  to  base  the  necessary 
corrections  to  be  applied.  Thus,  in  each  large  batch  of  assays,  say 
of  JO  cupels,  two  standards  at  least  should  be  employed,  one  should 
be  of  perfectly  pure  gold.  The  second  may  well  be  of  916  parts 
of  gold  with  84  of  copper,  or  the  alloy  may  be  made  by  42  of 
copper  with  4Z  of  silver ;  constituting  in  either  case  near  about 
standard  metal  if  such  were  mixed ;  but  here  the  quantities  are 
weighed  separately  and  folded  together  with  the  quartation  silver 
in  the  lead  case.  From  the  working  of  these  standards,  then,  the 
correction  to  be  applied  to  the  whole  set  may  be  deduced. 

In  addition  to  the  operations  of  assaying  for  the  amount  of 
silver  or  gold  aa  already  detailed,  there  are  cases  where  it  is  re- 
quired to  estimate  silver  contained  in  gold,  and  also  gold  in  silver, ' 
such  are  called  'parting  assays.'  In  the  latter,  viz.,  that  of  esti- 
mating gold  in  silver,  it  is  effected  by  simply  dissolving  the  metal 
in  dilute  nitric  acid,  and  collecting  the  gold  powder  left,  this  is 
then  to  be  washed  with  boiling  distilled  water,  and  annealed  to 
brightness,  when  it  will  be  in  a  state  for  weighing. 

The  valuing  of  silver  in  gold  ia  somewhat  more  complex.  A 
double  gold  assay  ia  made  in  the  usual  way,  and  at  the  some  time 
another  assay  pound  of  the  metal  ia  cupdled,  but  with  no  silver 
added.  Thus  the  copper  and  oxidizablc  metals  are  removed,  and  the 
button  left  will  be  composed  of  the  gold  and  silver  of  the  specimen 
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only.  The  difference  of  weight  of  thin  ahove  the  parted  assay  will, 
of  course,  be  due  to  silver.  But  in  this  operation,  not  only  are 
comparative  ossajrs  necessary,  but  much  Judgment  and  experienoe' 
upon  the  part  of  the  aesayer,  or  the  result  will  be  quite  unworthy 
of  confidence.  Where  these  are  brought  to  bear,  however,  the 
reports  fire  perfectly  trustworthy. 

Cases  not  unfrequently  occur  where  it  is  of  advantage  to  be 
able  to  obtain  assays  upon  very  small  quantities  of  metal.  These 
may  be  well  worked  in  the  usual  way  and  with  a  very  delicate 
balance,  but  very  good  approximate  assays  may  be  obttuned  by 
means  of  the  blowpipe,  with  the  additional  advantage  of  rapidity 
of  execution  dependent  upon  their  amallneas.  Thus  a  common 
candle  ui^ed  by  the  blast  of  the  ordinary  mouth  blowpipe  will 
afibrd  the  requisite  heat  in  the  bands  of  a  practised  blowpipe 
manipulator  ;  but  where  the  gas  blowpipe,  joined  with  the  double 
bellows  already  described,  can  be  obtained,  the  operation  becomes 
very  easy  and  certain. 

A  grain  of  gold  will  be  sufficient  for  the  assay  pound ;  and  if 
to  this  we  add  the  two  to  three  grains  of  silver  requisite,  and  7 
grains  of  lead,  the  whole  mass  of  metal  will  at  first  only  weigh  10 
grains,  or  a  little  more,  according  to  the  amount  of  silver  used,  a 
quantity  managed  with  ease. 

For  this  a  small  cupel  of  about  }  inch  each  way  may  be  em- 
ployed. This  may  be  rested  in  a  small  cavity  cut  in  a  piece  of 
sound  charcoal.  The  tip  of  the  flame  is  first  to  be  directed  on 
this  so  as  to  heat  it  up  somewhat ;  after  which,  the  assay,  prepared 
as  in  ordinuxy  assays,  is  to  be  put  in,  and  when  fused  by  the  flame 
directed  upon  it,  the  cupel  is  to  be  kept  just  in  that  position  in  the 
oxidating  flame  as  will  carry  oxidation  on,  and  at  the  same  time  main- 
tain sufficient  beat  in  the  oupel  for  the  lead  oxide  to  be  absorbed  ; 
although  much  in  this  operation  paases  off  in  vapour.  These  ac- 
tions are  to  be  steadily  maintained  until  the  assay  brightens.  It 
is  theu  removed  irom  the  cupel,  flatted  and  rolled.  The  ribbon 
tuay  then  he  annealed  by  a  spirit-lamp,  after  which  it  is  rolled  up, 
and  parted  with  two  acids.  These  last  operations  may  even  bo 
efTected  in  a  test  tube  over  a  spirit-lamp.     The  little  comet  ia, 
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lastly,  to  be  washed  into  a  small  poroeloin  or  platiDiim  cup,  and 
annealed  over  the  lamp,  when  it  will  be  in  a  state  for  weighing. 
And  if  this  operation  bo  well  and  carefully  carried  out,  very  dose 
approximationa  may  be  obtained. 

As  a  most  delicate  balance  would  be  required  for  these  minute 
weighings,  and  such  an  one  is  not  always  at  hand,  T  may  state 
that  tbe  little  inetrument  deeoribed  by  Mr.  Faraday  in  his  Chant' 
eal  Manipulation  aa  Dr.  Blaclc'a  substitute  for  a  delicate  balance 
will  answer  very  well  for  these  weighings,  regarding  them  as  ap- 
proximations, and  such  an  inetmment  might  even  be  eitomporised 
in  situations  where  a  balance  could  not  be  obt^ned. 

It  consists  of  a  thin  slip  of  pine  about  1 1  inches  long  and  '3  of 
an  inch  broad  in  the  centre,  but  slightly  tapering  both  in  breadth 
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and  thickness  to  each  end ;  in  the  middle  of  this  a  very  fine  needle 
is  fixed  at  right  angles  upon  its  flat  and  upper  side.  Upou  each 
side  of  this  needle  or  fulcrum,  ten  divisions  are  marked  at  exactly 
equal  distances  from  each  other,  starting  on  each  side  from  the 
needle.  The  bearing  upon  which  the  beam  is  to  play,  is  a  small 
piece  of  sheet  brass  turned  up  to  equal  heights,  so  that  a  very 
narrow  plane  is  thus  formed  on  each  side  of  the  beam  for  the 
needle  fulcrum  to  rest  upon ;  and  as  this  rises  only  J  of  an  inch 
from  the  little  slip  of  mahogany  upon  which  it  is  screwed,  the 
play  of  the  beam  is  very  small.  The  beam,  of  couree,  after  thus 
being  shaped  is  to  be  adjusted  so  as  to  equipoise  upon  this  bear- 
ing- 

The  weights  requisite  for  decimal  weighing  will  be  three  only, 
viz.  1  grain  (as  an  assay  pound),  'I  of  a  grain,  and  'oi  of  a  grain; 
and  these  are  beat  formed  in  platina  wire  of  fit  degrees  of  fineness, 
as  'shown  in  the  drawing,  where  they  are  represented  as  lying 
upon  the  mahogany  base.     The  'ot  may  be  of  Aluminium. 
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An  example  may  be  given  to  illnatrate  the  method  of  using 
this  little  apparatus. 

Plaoing  the  grain  or  assay  pound  weight  upon  the  tenth  or 
principal  diTision  on  cue  end,  a  slip  of  the  metal  to  be  assayed  is 
out  off,  and  if  of  somewhat  the  shape  of  the  pound,  it  will  be 
better  for  accuracy  of  weighing,  as  it  will  lie  better  upon  the  beam 
divisiou,  care  also  having  been  taken  that  it  should  be  rather  plus, 
it  is  to  be  reduced  to  the  oorreot  weight.  Then  after  cupelling 
and  parting  this  as  above,  the  oomet  obtained  is  to  be  placed 
upon  the  i  oth  aa  before,  and  now  being  diminished  in  weight  by 
the  loss  of  its  alloy,  the  pound  must  be  passed  back  upon  the 
beam  divisions ;  but  supposing  the  specimen  examined  to  have 
been  of  standard  quality,  even  at  one  bock,  or  divisiou  9,  the 
weight'  being  found  too  light  for  the  comet,  it  is  allowed  to  re- 
main at  9,  and  the  znd  or  -i  weight  is  placed  on  8,  and  being 
found  too  heavy  ia  passed  back,  trying  a  division  at  a  time,  until, 
arriving  at  division  1,  it  ia  found  too  little.  Hence,  leaving  the 
2nd  also,  upon  division  i,  the  3rd  or  'Oi  weight  is  used  in  the 
aame  manner,  and  passing  it  back  by  divisions  its  real  position 
would  be  found  to  be  between  divisiona  6  and  7.  Hence,  the 
weight  ascertained  is  thus  reckoned.  First,  the  looo  or  pound 
weight  being  upon  9  gives  the  first  figure  of  the  report,  viz.  9.  - 
Secondly,  the  tenth  of  the  thousand  on  the  first  division  gives  1  aa 
the  second  figure.  Thirdly,  the  hundredth  of  the  pound,  requir- 
ing to  be  placed  at  a  point  between  6  and  ^  may  be  called  6*5. 
Therefore,  the  weight  will  actually  be  9165,  indicating  the  speci- 
men to  have  been  one  of  standard  gold. 

It  will  readily  be  seen  that  if  necessary  this  simple  instrument 
might  be  equally  easily  applied  to  trade  webbings,  by  dividing  the 
beam  into  8,  as  the  Jth  of  a  carat  grain  is  the  amalleat  denomtna- 
tiou,  instead  of  10  divisions,  and  then  using  the  1  grain  pound  as 
24  carats  with  proportional  weights  of  2z  carats,  z  carats,  I  carat, 
and  I  carat  grain.  But  the  decimal  method  is  very  simple,  and 
its  weights  are  easily  convertible.  The  great  difficulty  in  uaing 
this  little  beam  with  accuracy  consista  in  that  of  placing  the  comet 
exactly  in  position  cm  the  line.     I  have  managed  this  by  forming 
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a  fit-shaped  hook  in  fine  wire,  and  thus  hanging  it,  the  point  of 
the  hook  being  on  the  line,  and  the  comet  banging  just  under  the 
beam,  and  ako  (of  couree)  UBiug  a  wire  of  similar  weight  on  the 
line  on  the  other  arm  of  the  beam  as  a  counterpoise  independent 
of  the  weights  themselves. 

But  it  must  be  borne  in  mind  that  the  weighings  b;  such  & 
simple  instrument  are  liable  to  a  considerable  amount  of  error 
without  very  great  care  in  its  use,  and  it  is  therefore  only  put 
forward  for  occasions  where  a  delicate  balance  cannot  be  got  at. 
But  where  it  can,  very  close  results  are  attainable,  for  the  blow- 
pipe operation  upon  a  grain  even  of  metal  may  be  carried  out 
with  much  of  the  precision  got  in  ordinary  assay  quantities,  but 
here  the  smallness  of  the  weight  involves  extra  delicacy  even  in 
the  finest  balance  when  used  for  such  work. 


CHAPTER    IX. 


MOBILE  KtHAXS. 


Platinum. 
Platinum  waa  discovered  in  1736  by  Anton  Ulloa  at  Choco,  in 
South  America,  but,  owing  to  the  refractory  (and  in  the  ordinary 
way  unworkable)  nature  of  this  metal,  it  waa  cast  away, — indeed, 
got  rid  of  as  an  incumbrance  in  regard  to  mining  products,  with 
which  it  ie  found  ;  and  it  is  only  skice  the  year  1750,  when  a 
paper  by  Woods  appeared  iu  the  Pkihtopkical  Tratuacticms,  that 
any  account  of  its  nature  has  been  made  known ;  and,  although 
many  investigators  were,  from  that  time  down  to  Dr.  WoUaeton's, 
employed  upon  it,  it  is  to  the  latter  able  philosopher,  assisted  by 
the  late  Mr.  Cock,  that  we  owe  the  peculiar  chemical  and  me- 
chanical operations  which  have  mainly  brought  it  into  such  an 
important  position  in  the  laboratory  both  of  the  eitperimental 
chemist  and  the  manufacturer.  Beraelius  and  Vauqueloin  have 
also  added  much  to  the  chemistry  of  platinum  ;  and  as  late  as  the 
□umber  of  the  Annalcs  eU  Chimie  for  August,  1S59,  publication 
was  made  of  a  valuable  improvement  in  methods  of  refining,  aa 
also  of  its  fusion  iu  considerable  quantity.  These  were  effected 
by  Messrs.  Deville  and  Debray  iu  France. 

It  is  fbund  largely  in  Russia  in  the  Ural  district ;  hence,  in 
that  country,  it  has  been  employed  for  coining,  also  in  Peru, 
Brazil,  California,  Australia,  and  iu  some  parts  of  North  America ; 
in  all  of  which  it  eiista  aa  crude  platinum  ore,  and  platiniferous 
sand,  the  former  being  iu  irregular  masses,  or  nuggets,  weighing 
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from  several  pounda,  down  to  Bmall  sand-like  grains,  of  a  troy 
grain  or  so  in  weight.  There  are  nuggeta  in  Russian  collectiona 
from  a  few  ounces  up  to  zz|  pounds  avoirdupois.  In  the  Berlin 
oabinet  a  nugget  of  z  j  ob.  A  South  American  one  at  Madrid  of 
a  pounda  troy.  My  friend,  Mr.  Terry,  of  Fuiham,  has  one  of 
II  JO  grains,  or  4}  oz.  troy,  in  his  choice  mineral  collection. 

Platinum  ore  is  found  in  alluvial  districts  and  is  a  compound 
of  several  metals,  which,  fr^m  this  association,  are  known  as 
'platinum  metals.'  Those  are  palladium,  rhodium,  iridium,  o»- 
ntium,  and  ruthenium.  Then,  in  addition  to  these,  it  very  com- 
monly contains  iron  and  copper,  occasionally  manganese,  lead,  and 
frequently  gold  and  silver.  Again,  it  has  been  asserted  by  Pet- 
tenkofer,  that  there  is  scarcely  any  silver  fr^e  from  it,  and  fre- 
quently specimens  of  gold  which  come  before  the  aasayer  for  part- 
ing, are  found  to  contain  platinum  ;  but,  in  explanation  of  this,  it 
may  be  stated  that  in  almost  all  places  where  gold  is  obtained  by 
washing  the  sand,  platinom  is  found  with  it,  and  often  in  such 
grains  that  they  con  be  separated  by  picking  out  the  latter  ;  and, 
if  they  be  too  much  mixed  for  this,  it  only  remains  to  amalgamate 
the  mixture,  which  treatment  will  dissolve  out  the  gold  withoat 
touching  the  platinum. 

Any  associated  magnetic  iron  ores  may  also  be  mechanioally 
separated  by  the  magnet. 

The  analysis  of  platinum  ore  has  been  perfected  by  Wollaston, 
and  by  Berzelius ;  and  of  all  chemical  operations  it  is  one  where 
the  most  perfect  skill  has  been  eiercised.  But  when  it  is  stated 
that  Wollaaton's  method  embraces  some  twenty-six,  and  that  of 
Berzelius  twenty-eight,  distinct  complex  operations,  it  will  be 
seen,  when  we  presently  examine  them,  how  much  the  recent 
French  discoveries  already  alluded  to  have  simplified  the  manu- 
facture of  this  metal,  and  produce  it  sufficiently  pure  for  some 
uses,  although  not  of  the  purity  of  the  wet  method. 

The  followiug  is  a  short  summary  of  the  chemical  and  metal- 
lurgic  operation  of  Dr.  Wollaston,  whose  work  upon  the  subject, 
published  just  before  his  death,  had  occupied  him  some  twenty- 
live  yeara.     It  may  first  be  premised  that  the  average  proportion 
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of  platinum  in  the  ore  is  about  70  per  cent,  but  the  quantitj* 
Tauges  from  50  to  80  per  cent.  The  palladium  seldom  exceeds 
I  to  2  per  cent 

Aa  the  platinum  metals  are  only  soluble  in  nitro-hjrdrochloric 
acid,  the  ore  admits  of  preliminaiy  purification  bj  emplojing  the 
components  of  this  acid  snccessiTslj.  It  is,  therefore,  first  heated 
with  nitrio  acid :  thus  any  copper,  lead,  iron,  and  silver,  are 
dissolved.  Then,  after  washing,  a  second  such  operation  with 
hydrochloric  acid  will  remove  any  magnetic  iron  ore  left  in  it. 
The  ore  is  now  in  a  fit  state  to  be  treated  with  aqua  regia,  made 
from  pure  nitrio  and  hydrochloric  acids ;  but,  in  order  to  prevent 
the  solution  of  one  of  the  metals,  vis.  iridium,  it  is  diluted  for 
use  with  an  equal  bulk  of  water.  The  proportions  Wollaston 
advisee  are,  to  100  parts  of  ore  as  much  hydrochloric  acid  as 
contains  1  ;o  parts  of  actual  (dry)  acid,  mixed  with  nitric  equal  to 
40  parts  of  dry.  Solution  will  be  complete  after  three  or  four 
days'  digestion,  but,  towards  the  end,  it  is  always  necessary  to 
assist  this  by  a  gentle  heat  The  vessel  is  then  set  aside,  in  order 
that  suspended  matter,  which  is  almost  entirely  iridium,  may  be 
deposited.  The  clear  solution  is  then  syphoned  off,  and  to  it 
ammonic  chloride,  amounting  to  41  parts,  is  added.  This  throws 
down  a  yellow  crystalline  precipitate,  which  is  ammonio-platinic 
chloride,  which,  on  heating,  will  be  deoompoeed,  and  yield  pla- 
tinum. By  this  first  precipitation  about  6j  parts  of  platinum  are 
at  once  separated  from  the  ore,  the  weight  of  the  compound  salt 
being,  in  this  case,  about  165  part& 

About  1 1  parts  of  platinum  are  left  in  the  mother  liquor  of 
the  ctystals,  associated  with  nearly  the  whole  of  the  other  metals. 
A  dean  plate  of  sine  is  then  put  into  it,  which  will  js«oipitat« 
them  all.  This  deposit  is  first  washed  clean,  and  then  redissolved 
in  aqua  regia;  and  to  the  solution  -^od  of  its  bulk  of  strong 
hydrochloric  acid  ie  added ;  after  which  more  ammonic  chloride, 
so  as  to  throw  down  the  remainder  of  the  platinum.  This  addition 
of  hydrochloric  acid  last  made  is  for  the  prevention  of  the  pre- 
cipitation of  any  palladium  or  lead  with  it  But  the  palladium 
may  be  separated  at  the  Snt,  by  first  neutralizing  the  solutioa 
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with  Bodic  carbonate,  and  then  adding  mercnric  cjanidc  :  thig 
throws  down  the  palladium,  after  removing  which  the  addition  of 
ammonio  chloride  will  precipitate  the  platinum. 

As  the  solution  of  the  ore  in  aqua  regia  takes  place  very 
dowlj,  it  has  been  advised,  in  place  of  mixing  and  adding  the 
acide  at  once,  to  put  the  hydrochloric  on  the  ore,  and  then  add 
the  nitric  by  degrees,  as  solution  progresses ;  and  no  doubt  acid 
may  be  thus  economised. 

The  precipitates  of  ammonio -platinic  chloride  are  always, 
however,  contaminated  with  iridium,  a  portion  of  which  has  formed 
a  soluble  double  salt  with  ammonio  chloride  ;  therefore  they  are 
carefully  washed  with  cold  water,  which  will  partially  remove  this, 
and  afterwards  pressed  slightly  between  layers  of  filter-clotb,  and 
then  dried 

It  now  only  remains  to  ignite,  in  order  to  separate  the 
ammonia  salt ;  but  this  requires  much  cure,  so  as  not  to  use 
heat  enough  to  a^Iutinate  the  reduced  metal,  the  success  of  the 
after- working  of  which  mainly  depends  upon  its  fine  division. 

For  this  reduction  it  is  put  into  a  black-lead  crucible  and 
heated,  until  only  the  platinum,  in  fine  powder,  is  left.  This  is 
removed,  any  lumps  broken  up  by  the  hand,  and  then  rubbed  to 
powder  with  a  wooden  mortar  and  pestle,  the  rubbing  being  light, 
BO  as  not  to  burnish  or  condense  the  powder  in  the  least  It  is 
now  sifted  through  a  fine  lawn  sieve,  and  mixed  with  water  into  a 
kind  of  mud.  A  brass  mould  is  provided,  having  a  cylindrical 
cavity  of  6-75  inches  long  by  i-ii  inch  wide  at  the  top  and  1-13  at 
bottom  :  thus  it  is  slightly  taper.  A  stoel  stopper  or  plug  enters 
this,  to  the  depth  of  a  quarter  of  an  inch,  being  made  to  fit  very 
loosely  indeed,  and  is  put  in  wrapped  in  blotting-paper.  The  mould 
is  well  greased  and  set  up  in  a  jug  of  wat«r,  with  which  also  it 
is  filled.  Then  the  platinum-mud  is  introdui«d,  which,  displacing 
the  water,  fills  every  cavity  of  the  mould ;  the  water  is  then 
allowed  pai-tly  to  drain  out,  which  it  does  readily  by  the  blotting- 
paper  round  the  loose  steel  plug.  After  a  time  the  upper  surface  of 
the  mud  is  covered,  first,  with  paper,  and  then  a  plate  of  copper, 
and  over  these  it  is  slightly  squeezed  by  means  of  a  wooden  pestle. 


PUTINUH.  295 

The  water  being  thus  preased  out,  the  mass  becomes  aufficiently 
solid  to  allow  of  the  mould  being  laid  horizontally  in  a  very 
powerfiil  preas :  this  press  (devised  by  Wollaaton)  is  worked  by  a, 
lever,  by  which  the  steel  plug  can  be  forced  with  an  enormous 
amount  of  power  upon  the  platinum,  and  this  compression  is 
oaiTted  to  its  utmost  limit ;  after  which  the  plug,  and  then  the 
cake  of  platinum,  are  removed, — an  operation  rendered  easy  by 
the  taper  form  of  the  greased  mould  cavity. 

The  mass  is  then  laid  upon  a  charcoal  fire,  so  as  to  bum  off 
any  grease,  and  free  the  porous  cylinder  from  remaining  water. 
Next  it  is  heated  in  a  wind  furnace,  to  a  greater  heat  than  the 
manufactured  platinum  is  expected  to  bear.  It  is  then  removed, 
and  dexterously  hammered  on  the  ends,  being  for  this  purpose  set 
upright  upon  the  anvil ;  and  Wollaston  says,  that  if  it  becomes 
bent,  it  is  by  no  means  to  be  corrected  by  blows  upon  the  side, 
which,  if  applied,  would  cause  it  to  crack  irremediably,  but  by 
careful  blows  on  the  extremities,  judiciously  directed,  so  as  te 
reduce  to  a  strcught  line  the  parte  which  project 

After  foiging,  it  is  to  be  cleaned  from  any  ferruginous  scales  it 
may  have  contracted  in  the  fire,  by  smearing  with  a  miittu^  of 
crystallized  borax,  and  potassic  carbonate,  which,  when  in  fusion, 
are  a  ready  solvent  for  such  impurities.  It  is,  lastly,  put  on  a 
platina  tray,  and  covered  with  a  pot,  and  then  exposed  te  the 
heat  of  a  wind  furnace,  and,  on  removal  from  the  fire,  it  is 
plunged  into  dilute  sulphuric  acid  for  a  few  hours,  to  dissolve  any 
adherent  flux,  when  it  is  ready  for  manu&oture. 

The  latter,  or  mechanical,  part  of  the  operation  is  described 
almost  in  the  words  of  Dr.  Wollaatou,  and  his  explanations  of  the 
process  may  be  given  also.  He  says,  '  Those  who  would  view  this 
subject  soientifioally  should  here  consider  that,  as  platinum  can- 
not be  fused  by  the  utmost  heat  of  our  fiimaoes,  and  consequently 
cannot  be  freed  like  other  metals  from  ite  impurities  during 
igneous  fusion  by  fluxes,  nor  be  rendered  homogeneous  by  lique&c- 
tion,  the  mechanical  diffusion  through  water  should  here  be  made 
to  answer,  as  fiir  as  may  be,  the  purposes  of  melting,  in  allowing 
earthy  matters  to  oome  to  the  sur&ce  by  their  superior  lightness, 
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and  in  making  the  solvent  powers  of  wat«r  effect,  as  far  as  pos- 
sible, the  parifj'ing  powers  of  borax  aiid  other  fluiea  in  removing 
soluble  oxides. 

'  By  repeated  washing,  shaking,  and  decantation,  the  finer  parts 
of  the  grey  powder  of  platinnm  may  be  obtained,  as  pure  as  other 
metals  are  rendered  by  the  various  processes  of  ordinary  metal- 
lui^,  and,  if  now  poured  over,  and  allowed  to  subside  in  a  clean 
basin,  a  uniform  mud,  or  pulp,  will  be  obtained,  ready  for  the 
further  process  of  casting.' 

Notwithstanding  the  apparent  perfection  of  the  process  just 
detailed  (and  which  was  the  usual  manufacturing  one  up  to  a  very 
recent  date),  the  manufeotured  articles  fi-ora  this  are  very  apt 
occasionally  Ui  blister  considerably  upon  the  surface,  and  at  times 
to  so  great  an  extent  as  even  after  a  very  few  heatings  to  become 
seriously  injured  by  it.  This  is,  no  doubt,  caused  by  minut« 
enclosures  of  air,  which,  by  the  compression  and  forging  operations 
are  firmly  encased  in  the  Bubstanoe  of  the  ingot ;  then,  when  the 
mass  has  passed  the  rollers  for  manufacture,  these  air-bubbles  are 
brought  sufficiently  near  the  surface  to  raise  blisters  in  the  metal, 
when  somewhat  softened  by  heat.  A  large  manufacturer  of  plati- 
num told  the  author  that  it  was  his  custom  to  replace  vessels 
supplied  if  this  state  of  things  occurred  when  they  were  newly 
made,  although,  of  courae,  at  much  loss  to  himself. 

Then  again,  the  platjnum  so  prepared  is  s^t  to  retain  a  notable 
quantity  of  indium  in  its  composition,  owing  to  the  difficulty  of 
washing  it  o<tt  of  the  precipitated  doable  salts  :  thus  remaining 
portions  are  reduced  by  heat  with  the  platinum.  In  the  uses  of 
the  metal  in  the  experimental  laboratory  for  vessels,  this  alloy  is 
rather  beneficial,  for  if  a  due  proportion  of  iridium  be  employed  to 
alloy  platinum,  the  metal  is  not  only  more  resbtent  of  hi|^ 
temperatures,  but  also  less  easily  acted  upon  by  chemicals. 
Thus,  excellent  small  vessels  may  be  formed  of  the  crude  plati- 
num by  fusion,  by  the  method  presently  to  be  described,  in  which 
way  osmium  and  palladium  are  driven  off,  being  volatile,  and  a 
natural  alloy  of  platinum,  iridium,  and  rhodium  left. 

^^'llere  platinum  is  needed  perfectly  pure  from  iridium,  it  may 
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be  obtained  by  precipitation  of  the  metala  by  means  of  potaaeio 
chloride,  the  precipitate  after  washing  ia  fused  with  twice  its 
weight  of  potaaaic  carbonate.  Thus  the  iridium  ia  oxidized,  while 
the  platinum  ia  reduced  to  the  metallic  condition.  By  boiling  the 
whole  in  water,  all  potaaa  aalta  are  removed,  and  then,  on  treating 
the  reeidue  with  nitro-hydrochlorio  acid,  the  platinum  ia  digsolved, 
leaving  the  insoluble  iridium  oxide  untouched  by  it.  If  any 
iridium  is  yet  found  in  the  product,  this  operation  may  be  re- 
peated. Potaaaic  cyanide  solution  may  also  be  used  for  the  sepa- 
ration, for,  on  digesting  the  precipitate  in  it,  the  iridium  salt  will 
dissolve  while  the  platinum  one  is  insoluble, 

A  process  very  analogous  to  Dr.  Wollaston's  is  employed  in 
RuBua,  in  order  to  render  platinum  malleable  for  coinage  purposes. 
It  is  triturated  in  a  brass  mortar,  sifted,  and  then  pressed  to- 
gether under  a  steel  die  by  means  of  a  powerful  screw  press. 

Deville  and  Debray,  after  working  upou  the  subject  for  nearly 
five  years,  have  substituted  for  the  wet  processes  in  use  a  dry 
metallurgio  operation,  whereby  the  refining  ia  effected  in  an  analo- 
gous manner  to  the  operation  already  described  for  silver  refining, 
having  first  taken  advantage  of  the  fiisibihty  of  certain  alloys  of 
platinum  to  carry  it  out 

They  take  the  ore,  and  in  quantity  up  to  2  cwts.,  and  with 
it  about  its  own  weight  of  galena  (plumbic  sulphide).  These 
are  then  heated  in  a  reverberatory  of  just  suffioient  dimensions, 
the  sole  being  basin-shaped,  and  constructed  of  very  refractory 
clay,  upon  a  basis  of  fire-bricks.  The  ore  being  heated  to  bright 
redness,  the  galena  is  thrown  in  by  portions  at  a  time,  and  con- 
stant stirring  is  kept  up  so  as  to  thoroughly  mix  the  ore  and 
galena.  This  done,  a  cwta.  of  litharge  is  next  added,  in  similar 
manner.  This  supplies  oxygen  to  the  sulphur  of  the  galena,  and 
they  pass  off  as  sulphurous  anhydride,  while  the  whole  of  the  lead, 
thus  being  reduced,  combines  with  the  [Jatinum  metals,  but  at  the 
same  time  introduces  into  the  mixture  any  small  portions  of  silver 
originally  contained  in  the  galena.  A  little  glass  ia  used  as  a  flux 
during  this  part  of  the  operation.  After  standing  in  the  state  of 
fusion  for  a  time  an  upper  bath  will  be  formed,  containing  an  alloy 
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of  lead  with  platinum,  palladium,  and  silver ;  the  other  metals, 
being  unacted  upon  by  the  treatment,  will  by  their  superior  density 
subside  to  the  bottom,  after  which  the  platinum  alloy  is  carefully 
ladled  off  for  future  refining  operations. 

The  first  of  these  consists  in  cupelling  the  platina  lead  upon  a 
test  whereby  the  greater  part  of  the  lead  is  disposed  of  by  oxida- 
tion. But  the  difficulty  of  separating  the  lead  by  the  cupeUation 
depends  upon  the  melting  point  of  the  alloy  rising  as  the  lead 
separates,  so  that  towards  the  close  of  the  operation  a  -very  high 
temperature  is  essential  to  maintain  the  bath  in  the  liquid  cou- 
ditiou.     The  metal  therefore  needs  very  careful  after  refining. 

The  effecting  of  this  depends  upon  means  whereby  they  have 
been  able  readily  to  melt  platinum,  and  thus  bring  the  operation 
into  the  class  of  an  ordinary  metallurgic  one.  The  essential  part 
of  the  apparatus  consists  of  a  kind  of  furnace,  shaped  out  of  well- 
burned  lime,  and  which  may  be  somewhat  compared  to  a  cupel  in 
its  use  in  this  process,  for  it  not  only  absorbs  impurities,  but  assists 
in  getting  rid  of  them.  Then,  as  an  exceedingly  high  l«mperatiire 
is  employed,  the  bad  conducting,  and  good  radiating  power  of  lirae 
are  moat  useful.  For,  notwithstanding  the  metal  being,  in  the 
interior,  at  a  full  white  heat,  the  exterior  will  not  be,  by  any 
means,  extraordinarily  hot ;  while,  by  radiation,  the  interior  crown 
of  the  furnace  will  much  assist  the  fusion. 

Deville's  smaller  furnace  (fig.  63)  consists  of  two  pieces  of  lime 
joined  for  use  in  such  way  as  to  form  a  kind  of  bostn  with  a  hollow 
cover.  The  lower  piece  is  hollowed  out  into  the  basin,  for  the 
reception  of  the  metal :  it  is  solid  (or  may  be  formed  of  blocks 
closely  fitted),  in  either  case  being  like  the  top  piece,  also  firmly 
bound  round  with  stout  iron  wire  or  bands.  The  upper  cylindrical 
cover  piece  has  a  corresponding  cavity  hollowed  out,  and  in  the 
centre  a  rOund  tuper  hole,  tapered  slightly  from  above  downwards, 
for  the  introduction  of  a  blowpipe  jet;  a  joint  opening  is  also 
formed  at  one  side  for  the  introduction  of  the  portions  of  platinum  ; 
and  the  lower  half  forms  a.  spout  for  pouring  the  ^sed  metaL 

The  heating  apparatus  is  an  oiyhydrogen  blowpipe  of  large 
dimensions,  and  of  the  form  already  described  as  an  air  blowpipe 
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(p.  90).  The  outer  tind  lower  tube  CEuries  hydrogen  (or  coal  gaa), 
and  the  inner  and  upper  one,  tn  place  of  air,  throws  a  jet  of  oiygen 
into  the  middle  of  the  flame, 
both  suppliea  being  capable  of 
close  regulation  by  meaiiB  of  stop- 
cocks. The  tubes  themaelvea  are 
formed  of  copper,  each  tipped 
with  platinum. 

Suppose  the  object  be  simply 
to  fuse  some  scrap  platinum,  and 
cast  it  into  an  ingot.  The  lime 
furnace  is  first  put  together,  and 
then  the  hydn^n  jet  lighted, 
and  turned  into  the  upper  open- 
ing formed  for  the  blowpipe ; 
oxygen  is  then  supplied,  and 
the  whole  apparatus  heated 
as  strongly  as  can  be  effected. 
The  platinum  is  then  introduced 
in  pieces  by  the  hole  at  the 
aide  ;  the  tiimace  is  at  this  time 
cooled  down  slightly,  but  the 
authors  say  that  the  metal  runs  down  immediately  it  enters  the 
fiimace.  The  heat  is  maintained  for  a  time,  afler  which  the  metal 
is  ready  for  casting. 

But  the  great  use  of  suoh  a  fiimace  is  for  tbe  refining  of  the 
platinum  obtained  by  cupelling  platinum  lead,  and  for  this  end  it 
is  heated  upon  the  bed  of  lime,  until  no  more  vitreous  matters  are 
seen  to  rise  to  the  surface,  the  gases  are  then  gradually  turned 
off,  beginning  with  the  hydrogen,  and  in  such  a  manner  as  always 
to  leave  the  osygen  somewhat  in  eiccss  ;  thus  the  mass  solidifies, 
and  at  length  the  flame  may  be  quite  extinguished ;  but  the  metal 
is  generally  poured  from  the  lime  cupel  and  cast  in  an  ingot 
mould,  formed  of  coke  or  of  plates  of  lime  ;  and  the  authors  say 
that  thick  cast-iron  moulds  may  be  used,  if  they  are  well  coated 
over  with  plumbago ;  tbe  platinum  being  kept  fluid  by  the  jet 
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until  poured,  for  which  latter  purpose  the  jet  and  upper  section  of 
the  mould  are  removed,  and  the  lower  one  tilted  b;  tonge,  or  by  a 
proper  arrangement  for  the  purpose,  bo  aa  to  pour  its  contents 
steadily  into  the  mould.  The  great  difficulty  in  pouring,  however, 
conBista  in  being  able  at  the  same  moment  to  discern  between  the 
mouth  of  the  mould,  and  the  daezling  white  surface  of  the  molten 
metal. 

From  7  to  8  lbs.  aToirdupois  may  be  operated  on  in  this 
manner  without  danger  from  the  apparatus  giving  way,  and  the 
authors  describe  a  larger  and  modified  apparatus  for  large  quan- 
tities, in  which  quantities  of  ao  to  30  pounds  are  refined;  a  couple 
of  oxyhydrogen  flames  being  employed.  The  time  occupied  is 
Irum  40  minutes  to  an  hour.  At  the  intense  heat  used,  any  pal- 
ladium or  osmium  is  volatilized,  as  also  small  quantities  of  lead, 
and  of  gold  or  silver,  when  present  But  the  metal  lefl  is  not 
pure  platinum,  for  it  retains  those  metals  of  the  ore,  which 
escaped  separation  by  subsidence  in  the  reverberatory  operation, 
or  were  not  volatilized  during  refining.  And  although  Deville'a 
process  has  great  advantages,  yet  the  vet  one  first  described 
afiforda  the  purest  metal 

This  has  been  demonstrated  in  the  construction  of  Siemens' 
pyrometer  coils,  for  that  gentleman  found  that  the  wire  made 
irom  platinum  obtained  by  Deville's  method  was  useless  from  its 
impurity,  and  he  was  therefore  obliged  to  employ  such  as  is  made 
from  platinum  got  by  Wollaston  and  Cock's  method. 

Deville  and  Debray  have  perfected  a  melting  furnace  upon  the 
same  plan.  It  is  formed  of  three  blocks  of  good  sound  lime 
(fig.  64).  The  lower  one  forming  the  base  (a)  ia  a  circular  plate 
of  about  2}  inches  thick.  This  carries  a  cylinder  (6)  about  4} 
inches  in  height,  and  having  four  apertures  (c)  at  the  lower  part 
for  the  escape  of  the  gases,  vapour,  ix.,  evolved  during  combus- 
tion. This  piece  ia  the  tumace  chamber.  Upon  its  upper  end  is 
placed  a  third  piece  (d),  which  covers  the  chamber,  and  is  about 
3  inches  thick,  and  perforated  by  a  cylindrical  hole  in  the  centre 
for  the  passage  of  the  compound  jet  of  the  blowpipe  (p),  as  in 
fig.  63.     Inside  the  chamber  ia  placed  an  outer  cnioible,  formed 
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also  of  lime,  and  provided  with  a  conical  lime  cover  («).  This 
■tanda  upon  a  small  lime  support  (/),  and  encloeee  the  actual 
crucible,  which  is  formed  of  gas 
coke,  and  has  a  cover  of  the  same 
material.  Each  portion  of  the  fur- 
nace is  firmly  tied  together  with  a 
binding  of  iron  wire  to  prevent  se- 
paration or  cracking ;  and,  in  using, 
the  heat  has  to  be  very  gradually 
got  up,  but  the  action  of  the  furnace 
ia  very  rapid  when  fairly  heated. 
Much  has  been  done  by  such  means 
in  melting  bodies  formerly  consi- 
dered almost  infusible.  Messrs 
Johnson  and  Matthey  exhibited  some 
results  at  the  International  Exhibi- 
tion of  1862,  where  they  had  a  fiised 
ingot  of  platiniun  weighing  a  J  cwt. ;  a  cake  of  iridium  of  17J  oz.  ; 
and  a  button  of  rhodium  weighing  1  oz. 

The  black  powder  known  as  platinum  block  is  really  pure 
platinum  in  exceedingly  floe  division,  and  may  be  obtained  by 
several  methods.  A  dilute  solution  of  platinic  chloride  may  be 
acidulated  with  hydrochloric  actd,  and  a  plate  of  zinc  introduced, 
when  the  platinum  will  fiill  in  this  form,  but  is  apt  to  be 
rather  more  spongy  than  that  reduced  by  organic  bodies.  The 
black  should  be   boiled   in  nitric  acid,  and   then   washed  with 

It  may  also  be  separated  from  platinic  chloride  by  heating 
with  sugar  and  sodic  carbonate.  Four  parts  of  chloride  are 
treated  with  1  of  sugar  and  12  of  sodic  carbonate  in  crystals. 
The  sugar  is  transformed  into  water  and  carbonic  acid,  and  sodic 
chloride  is  formed.  The  mixture  is  heated  in  a  water  bath  to 
boiling  nearly ;  and  the  flask  must  be  ofl^n  shaken  during  the 
decomposition.     The  presence  of  nitric  acid  hinders  this  reaction. 

A  common  method  consists  in  employing  platiuous  chloride, 
dissolv^iug  it  in  a  concentrated  solution  of  caustic  potass,  boiling 
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iQ  B.  large  vessel,  and  adding  alcohol  by  degrees.  Carboiiio  acid 
escapes  with  effen'escence,  and  the  metal  falls.  It  is  removed, 
washed  with  alcohol,  solution  of  potassa,  and  hydrochloric  acid 
Hucceasively  ;  then  with  water,  and  carefully  dried. 

Small  platinum  vessels  are  readily  made  by  pressing  the  pul- 
verulent platinum  of  WoUaaton'a  proceaa,  either  dry  or  moiat,  into 
a  fit  mould,  the  stamp  fur  the  interior  being  driven  either  by  a 
press  or  a  hammer.  They  are  next  heated  in  an  air,  and  after- 
wards more  strongly  in  a  blast  furnace,  and,  lastly,  finished  by 
beating  red-hot  upon  an  anviL 

The  properties  of  platinum  are  as  follows ; — It  is  of  a  white 
colour,  but  not  so  pure  a  white  as  silver.  In  hardness  it  is  about 
the  same  aa  copper.  It  is  exceedingly  ductile,  and  may  be  drawn 
int^  very  fine  wire  ;  and  Wollaston,  by  forming  a  coating  of  silver 
upon  a  fine  platinum  wire,  and  then  drawing  this  through  the 
draw-plate,  obtained  a  fine  compound  wire,  from  the  outside  of 
which  he  dissolved  the  silver,  and  bo  left  a  platinum  wire  finer  than 
any  wire  hitherto  made.  His  object  was  to  endeavour  to  sub- 
stitute wire  for  the  spider's  web  usually  employed  in  micrometers. 
His  method  has  been  already  described  at  page  1 2.  Platinum 
exceeds  all  metals,  excepting  iron  and  copper,  in  tenacity.  Ita 
specific  gravity  ranges  from  zo8  to  z[7.  It  welds  very  readily 
at  a  &U  red  heat,  so  that  injured  platinum  vessels  may  readily  be 
repaired  by  heating,  and  then  welding  on  a  piece  of  foil  also 
heated,  the  operation  being  performed  upon  an  anvil,  as  in  ordi- 
nary welds  of  iron.  Indeed,  Wollaston's  process  for  manufactiuing 
platinum  is  based  entirely  upon  this  welding  capability.  But  to 
succeed  perfectly  with  manufactured  platinum,  the  surface  should 
be  clean,  but  roughed,  for  bright  surfaces  do  not  weld  soundly. 

It  is  nearly  the  most  infusible  metal,  those  which  excel  it  in 
this  respect  being  some  associate  metal,  as  rhodium,  for  example. 
It  requires  the  oxyhydrogen  blowpipe  for  its  fusion,  and  at  a  very 
high  temperature  absorbs  ox^cn,  and  spits  or  springs  like  silver 
on  giving  it  up  on  cooling.  It  is  quite  unoiidized  iu  the  air  and 
untouched  by  simple  acids,  the  proper  solvent  being  chlorine  (as 
evolved  by  aqua  regia),  although  the  gas  itself  is  inactive  upon  it 


When  platinum  is  alloyed  with  silver,  however,  it  will  be  largely 
dissolved  in  nitric  acid ;  hence,  where  gold  contains  a  email  pro- 
portion, of  platinum,  the  latter  may  be  separated  by  quartation  of 
the  gold  with  silver,  and  a  subsequent  free  boiling  in  nitric  acid. 
The  acid,  by  this,  will  acquire  a  deep  straw-yellow  colour.  The 
resistent  qualities  of  this  metal  give  it  its  great  value  for  chemical 
vessels,  but  these  require  care  in  using.  Thus  we  cannot  heat  a 
metal  in  them  to  near  its  fUsing  point,  or  they  are  very  liable  to 
alloy  with  the  contained  metaL  Then,  some  oxides  are  very 
destructive  to  them,  especially  if  associated  with  any  body  (as 
carbon)  which  is  capable  of  taking  their  oxygen,  so  as  to  reduce 
the  metal  which  then  alloys  with  the  platinum.  The  alkalis  and 
alkaUne  earth  destroy  it  at  a  red  heat,  as  also  does  nitre.  Sym- 
bol, Pt.     Atomic  weight,  197*1. 

Platinum  forms  two  oxides.  1st.  Platinous  oxide  is  a  protox- 
ide. Formed  on  adding  solution  of  potassa  to  platinous  chloride  ; 
after  digestion,  a  green  liquid  resulte,  from  which  a  black  hydrated 
oxide  falls  on  neutralizing  with  sulphuric  acid,  for  it  is  soluble  in 
excess  of  alkali.  It  forma  unstable  salts  with  acids.  Composition, 
Pt  0.  Atomic  weight,  113.  2nd.  Platinic  oxide  (the  binoxide) 
is  precipitated  by  sodic  carbonate  from  platinic  chloride,  but  as 
the  oxide  will  combine  with  alkaline  bases,  the  soda  salt  is  only 
added  up  to  half  the  amount  otherwise  necessary.  Thus  a  brown 
hydrate  falls  capable  of  forming  double  salts  with  alkalis,  and 
with  acids  forms  tolerably  permanent  salts.  Composition,  Pt.  0,. 
Atomic  weight,  229. 

There  is  a  protochloride,  or  platinous  chloride,  Pt.  Cl„  which 
is  obtained  in  a  precisely  analogous  way  to  the  oorresponding 
chloride  of  gold ;  but  the  bichloride,  or  platinic  chloride,  as  formed 
in  the  ordinary  solution  of  platinum,  is  the  important  one.  It  ia 
obtained  by  beating  the  metal  in  aqua  regia,  and  subsequently 
'  evaporating  the  solution  carefully  at  a  low  temperature.  Thus  a 
deUquescent  cake  of  a  reddish-yellow  colour  is  usually  obtained, 
deeper  in  colour  as  the  water  is  expelled.  It  is  from  this  that  all 
the  platinum  compounds  are  obtained,  either  directly  or  indi- 
rectly.    It  is  soluble  also  in  alcohol ;  and  this  solution  fbrms  our 
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best  test  for  the  presence  of  potash  or  unmouia.  And  (as  has 
already  been  Bhomi)  if  the  ammoniacal  precipitate  be  heated, 
spongy  platinum  alone  remains.  The  composition  of  platinio 
chloride  is  Pt.  CI4,  and  its  atomic  weight  3391, 

There  are  two  sulphides  of  platinum;  the  firat,  or  platinous 
sulphide,  may  be  formed  by  acting  upon  moiat  platinous  chloride 
by  dihydric  sulphide.  The  second  cannot  be  prepared  by  Uie 
usual  method  in  such  cases,  tIe.  by  passing  the  gas  into  platinio 
chloride,  for  we  do  not  thus  get  a  true  bisulphide  thrown  down, 
but  a  compound  of  platinio  chloride  and  sulphide.  When,  how- 
ever, the  acid  gas  is  added  to  the  sodio- platinio  chloride,  a  bisul- 
phide ia  precipitated.  This  must  be  filtered  out  and  washed  with 
hot  water,  and  then  dried  in  vacuo.  When  first  thrown  down,  it 
is  a  brown  powder,  which  becomes  black  upon  drying.  At  a  dull 
red  heat  the  sulphur  ia  driven  off  and  platinum  left. 

Alloys.  — Worked  platinum  cannot  be  amalgamated  with  mer- 
cury, and  the  only  method  of  forming  platinum  amalgam  conaiats 
in  rubbing  finely-divided  platinum  (such  as  that  reduced  &om  the 
ammonio -chloride)  and  mercury  together  in  a  warm  mortar :  the 
combination  of  the  two  will  be  accelerated  by  moistening  the  two 
metals  with  water,  acidulated  with  acetio  acid.  It  forma  an 
unctuous  amalgam,  increasing  in  solidity  in  proportion  to  the 
amount  of  platinum  it  contains.  The  more  imctuous  amalgam 
may  be  employed,  just  as  the  gold  amalgam  is,  in  water-gilding ; 
and  metab  may  be  platinized  in  an  analogous  way  to  that  by 
which  they  may  be  water-gilt,  for  the  mercury  is  driven  off  at  a 
strong  heat,  and  platinum  is  left. 

Platinum  alloys  with  silver  in  all  proportions ;  the  latter 
metal  loses  somewhat  of  ite  whiteness,  becoming  harder  by  the 
association.  Hot  sulphuric  acid  will  dissolve  the  silver  from  such 
an  alloy,  but  if  nitric  acid  be  used  for  this  purpose,  it  will  dissolve 
more  or  less  of  the  platinum  also. 

With  gold,  an  excess  of  platinum  renders  the  alloy  infusible  in 
a  wind  fiimacc  — 2*5  of  platinum  to  1  'o  of  gold,  for  example 

Equal  weights  will  give  a  very  malleable  alloy,  having  very 
much  of  the  colour  of  gold.     One  part  of  platinum  to  9-5  of  gold 
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doea  not  much  diminiab  the  yellow  ooloor  of  gold,  while  it  affords 
an  alloy  of  the  same  deoeity  as  platinum. 

A  soluble  salt  of  platinum  may  be  discriminated  by  the  fol- 
lowing reagents : — 

1st.  Dihydrio  sulphide  will  throw  down,  after  a  time,  or  at 
once  on  heating,  a  blackish  brown  precipitate,  insoluble  io  nitric  or 
hydrochloric  acid  alone,  but  soluble  in  them  when  mixed. 

and.  Ammonio-hydrio  sulphide  produces  the  same  precipitate ; 
but  this  will  be  slowly  and  not  easily  dissolved  by  excess,  and 
reprecipitat«d  upon  the  addition  of  adds. 

3rd.  Potash,  or  ammonia,  each  throws  down  a  veiy  oharaoter- 
istio  yellow  crystalline  precipitate,  soluble  when  aided  by  heat, 
bat  readily  precipitated  in  a  cold  solutiou,  especially  if  it  contain 
any  hydrochloric  acid.  The  potassa  precipitate  is  soluble  in  a 
large  eioeas  of  the  precipitant,  and  the  ammonia  one,  wtien  dried 
and  heated,  gives  metallio  platinum. 

4th.  Soda  precipitates  brown  hydrated  platinio  oxide  from 
platinic  salts :  this  is  soluble  however,  if  any  excess  of  soda  be 
added. 

jth.  Stannous  chloride,  added  to  solutions  of  platinimi  salts, 
gives  an  intense  brown-red  colour  to  them,  but  doea  not  throw 
down  any  precipitate,  they  must  however  contain  hydrochloric 
acid  in  excess  fur  this  reaction. 

6tb.  Ferrous  sulphate  does  not  precipitate  platinum. 

For  the  quantitative  estimation  of  platiniun,  we  may  separate 
it  from  almost  all  metals  by  the  addition  of  ammonic  chloride. 

To  a  platinum  solution  the 'chloride  is  added,  and  subsequently 
a  little  alcohol ;  if  this  precipitate  be  collected,  and  then  waalied 
with  dilute  alcohol,  in  which  it  is  insoluble  and  then  dried,  it  will 
be  ready  for  weighing,  and  every  100  parts  will  contain  44.18  of 
platinum. 

Supposing  platinum  to  be  contained  in  an  alloy  of  gold  and 
silver,  it  may  then  be  estimated  after  the  latter  are  separated 
in  the  way  already  described ;  and  as  the  oxalic  acid  by  which 
the  gold  is  thrown  down  does  not  precipitate  platinum,  it  will  be 
left  in  the  solution  for  subsequent  precipitation.     For  this  Miller 
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advised  neatralizing  the  solution  by  aodic  carbonate,  and  then 
precipitating  the  platinum  in  the  metallic  state,  by  boiling  the 
liquid  with  a  Bohible  formiate. 

When  asBajs  are  made  of  gold  contuning  platinum,  much  care 
is  requisite,  or  the  report  will  bo  given  too  high,  &om  its  reten- 
tion. If  the  quantity  associated  with  the  gold  does  not  amount 
to  more  than  j'jth,  it  will  be  separated  during  the  acid  parting 
work  (Vauquelain  says  30  to  40  of  platinum  to  970  or  960  of  gold 
will  have  the  platinum  quite  separated  in  the  acid  work) ;  but  if 
above  these  quantities,  extra  care  must  be  taken  in  each  stage  ; 
and  when  the  platinum  reaches  i  z  per  cent,  or  more,  it  is  scarcely 
possible  to  separate  it  in  the  ordinary  way. 

Its  presence  is  indicated  by  the  dull  working  of  the  button  in 
the  cupel,  by  want  of  brilliancy  in  the  play  of  colours  and  final 
clearing  of  the  button ;  and  this  will  be  left  dull  and  crystalline 
upon  its  upper  surface.  Then,  on  parting,  the  acid  will  become 
more  or  less  of  a  straw  colour. 

It  is  well,  upon  these  signs,  to  commence  a  fresh  assay,  giving 
it  rather  an  extra  quantity  of  silver,  a  stronger  furnace  heat,  and 
after  laminating  very  thinly,  employing  a  brisk  boiling  in  the  acid 
apparatus.  Thus  any  quantity  short  of  12  per  cent  will  be  dis- 
solved out. 


CHAPTER   X. 
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PALLAHinU. 

pALLAntuM  is  at  times  found  native  in  company  with  platiuuin, 
but  the  grains  may  be  diBtingaisbed  from  the  latter  by  the  fibrous 
structure  which  they  exhibit.  They  are  in  a  comparatiTely  pure 
Btate.  It  may  be  obtained  from  platinum  ore,  after  the  separation 
of  that  metal,  as  it  contains  about  i  per  cent  of  palladium,  and  it 
ia  also  associated  with  some  of  the  gold  obtained  from  Br&zil  as  an 
alloy  of  gold  and  palladium  ;  and  this  and  similar  ores  have  been  - 
great  sources  of  it,  ranging  in  amount  in  them  fi-om  5,  up  to  lo 
per  cent  in  some  few  ;  hence,  a  few  years  since,  this  metal  was  to 
be  purchased  at  about  iSt.  per  oe.  But,  at  the  present  time,  this 
means  of  supply  having  failed,  its  priee  has  risen  to  about  SI. 
per  oz. 

It  is  separated,  in  platinum  working,  after  the  platinum  has 
been  thrown  down  from  the  ore  solutioB  (p^  193),  l>y  treating  the 
residuary  acid  liquor  with  mercuric  cyanide.  A  white  flocculent 
precipitate  is  thus  thrown  down,  which  is  palladious  cyanide. 
Heating  this  with  sulphur  separates  the  cyanogen,  and  palladious 
sulphide  remains,  which  may  be  decomposed  and  its  sulphur  driven 
vS  by  heat ;  or  the  cyanide  is  deoompMed  by  heat  aloue,  the  cyan- 
ogen being  driven  ofi^. 

The  process  usually  adopted  for  the  separation  of  palladium 
from  Brazilian  gold  was  devised  by  Cock.  The  gold  dust  is  fused 
with  an   equal  quantity  of  silver,  and  some  nitre-     The  latter 
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ozidizea  certain  base  metals,  and,  combining  with  earth;  matters, 
forma  altogether  a  slag,  from  which  the  alloy  is  poured  away. 
This  ia  again  fused  vith  a  second  portion  of  silver,  so  as  to  quar- 
tate  the  gold,  and  the  mixture  is  poured  from  the  black-lead 
crucible  into  water  for  granulation.  The  alloy  ia  then  parted  with 
twice  its  weight  of  nitric  acid,  of  i  ']o  specific  gmvity ;  and,  when 
action  ha^  ceased,  this  is  replaced  by  a  second  quantity,  and  the 
parting  operation  carried  on  for  two  hours  longer.  The  gold  re- 
moved, the  acid  liquors  contain  the  palladium  and  silver,  with  any 
copper  present.  To  this  liquid  common  salt  is  then  added,  to 
throw  down  the  silver  as  chloride.  And  when  this  is  removed,  by 
decanting  the  supernatant  liquid  irom  the  subsided  precipitate,  a 
quantity  of  zinc  ia  placed  in  the  liquid :  by  this  the  palladium  and 
copper  are  thrown  down  as  a  black  powder.  This  is  next  removed, 
and  dissolved  in  nitric  acid ;  after  which  the  solution  is  super- 
saturated by  ammonia.  Thus  palladium  and  copper  are  held  in 
solution,  tlieir  oxides  being  soluble  in  ammonia,  while  small  por- 
tions of  platinum,  lead,  and  iron,  will  be  thrpwn  down.  Lastly, 
the  filtrate  is  treated  with  hydrochloric  acid,  which  separates  th« 
palladium  as  a  double  chloride  with  ammonia ;  this,  washed  and 
ignited,  will  afibrd  pure  spongy  palladium,  as  a  grey  mass.  Thi^ 
however,  is  not  malleable,  and  for  the  acquisition  of  this  quality 
it  needs  further  treatment  It  is,  therefore,  generally  fused  wiUi 
sulphur,  and  the  sulphide  so  formed  treated  at  a  second  fiision 
with  a  little  nitre  and  borax,  the  crucible  having  free  access  of 
atmospheric  air  allowed  to  it  This  cleanses  it,  and  it  is  then 
taken  out  and  roasted  on  a  porous  tile,  and  the  pasty  mass  result- 
ing pressed  into  a  cake,  roasting  being  kept  up  so  as  to  expel  the 
sulphur  as  sulphurous  anhydride,  and  leave  the  palladium  again  as 
a  spongy  mass.  When  nearly  cool,  it  is  gently  condensed  under  the 
hammer,  then  heated  ag^n,  and  again  hammered,  so  as  to  solidify 
the  mass  gradually,  without  which  care  it  would  still  exhibit 
brittleness.  Gmeliu  says,  that,  in  this  last  state,  the  brittlenesa 
results  from  retention  of  some  of  the  sulphur. 

Properties. — A  white  metal,  much  resembling  platinum,  but 
having  a  specifio  gravity  of  1 1  *8.     It  is  less  ductile  than  platinum, 
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and  apt  to  crack  at  the  edges  when  rolled.  Although  the  most 
fusible  of  the  platinum  metalg,  it  is  uot  easy  of  fosion,  for  it  re- 
quires nearly  the  heat  needed  for  fusing  malleable  iron ;  when 
liquid  it  evaporates  in  a  green  vapour,  which,  on  condensing,  forms 
a  dark-brown  dust,  composed  of  a  mixture  of  metallic  palladium 
and  its  oxide.  If  heated  and  fused  in  an  oxidizing  atmosphere,  it 
vegetates  on  oooling,  just  as  silver  does.  It  does  not  oxidize  in 
the  air,  unless  the  temperature  be  considerably  raised,  and  then 
the  surface  maybe  again  restored  by  a  stronger  heat,  which  drives 
off  the  newly-formed  oxide.  Of  the  three  mineral  acids  only  nitric 
dissolves  it  readily,  but  in  this  or  in  aqoa  r^a  it  dissolveB  on 
heating,  affording  a  deep  brown-red  solution.  Iodine  acts  upon  it, 
BO  that  platinum  may  be  distinguished  from  palladium  by  heat- 
ing a  drop  of  iodine  tincture  upon  it.  The  former  is  untouched, 
but  the  latter  shows  a  stain.     Symbol,  Pd" ;  atomic  weight,  1 06-5. 

Palladium  unites  with  oxygen  in  three  proportions,  forming  a 
suboxide,  Pd,  0 ;  a  protoxide,  or  palladious  oxide,  Pd  0,  which  is 
the  base  of  the  salts  of  palladium  )  and  a  dioxide,  or  palladio 
oxides,  Pd  0^ 

Palladium  also  combines  with  chlorine,  and  two  chlorides 
exist, — a  protochloride,  or  palladious  chloride,  Pd  Clg,  and  a  per- 
chloride ;  the  first  may  be  crystallized,  but  the  second,  palladio 
chloride,  or  Pd  CI4,  exists  only  in  solution. 

A  sulphide  of  palladium  is  formed  when  dihydrio  sulphide  is 
added  to  a  palladium  salt :  it  falls  as  a  black  precipitate  00m- 
position,  Pd  S. 

AUot/t. — With  mercury  palladium  forms  a  grey  plastic  amal- 
gam, and  when  union  takes  place  it  is  attended  with  evolution 
of  heat,  hardening  quickly  as  it  coola  It  may  be  readily  made 
by  adding  pure  mercury  to  spongy  or  pulverulent  palladium  in  a 
mortaj,  and  when  union  is  taking  place  removing  it  and  placing 
it  in  linen,  quickly  squeeeing  out  any  excess  of  mercury,  as  the 
Bmnlgann  BO  Boou  sets  tolerably  bard.  Wollastoa  advised  the 
formation  of  it  by  decomposing  a  palladium  salt  by  excess  of 
mercury,  when,  by  agitating  the  two  together  for  a  considerable 
time,  a  aofl  amalgam  ii  obtained.     If  the  palladium  salt  is  in 
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excess  it  will  form  a  gny  powder,  coneiHting  of  two  proportionals 
of  palladium  with  one  of  mercury,  and  so  permanent  bb  to  require 
a  white  heat  for  getting  rid  of  the  whole  of  the  mercury. 

Silver  and  palladium  may  be  combined  in  any  proportion, 
and  when  in  the  proportion  of  one  part  of  palladinm  to  two  of 
silver,  the  metal  retains  the  exceedingly  brilliant  polish  which 
may  be  given  to  it.  This  alloy  was  much  employed  when  the 
coat  of  palladium  was  leas,  being  an  excellent  one  for  polished 
surfaces  of  instruments  rcijuiring  to  be  graduated. 

Gold  and  palladium  form  a  hard  grey  alloy  when  combined  in 
equal  prtiporUons.     One  part  to  four  of  gold  forma  a  white  alloy. 
One  part  to  six  of  gold  is  but  slightly  coloured  by  the  latter.  They  - 
are  all  very  brittle. 

Platinum  and  palladium  in  equid  parts  form  a  grey  alloy, 
about  as  hard  aa  bar-iron,  and  which  fuses  below  the  fiisii^  point 
of  palladium. 

Salts  of  palladium  may  be  discriminated  by  the  following 
tests: — 

I  St.  Dihydric  sulphide,  or  ammonio-hydric  sulphide,  gives  a 
black  precipitate  of  palladious  sulphide,  insoluble  in  alkaline 
sulphides,  but  soluble  in  hydrochloric  acid. 

md.  Po.tash,  or  aoda,  throws  down  a  red  subsalt  from  sglutions 
of  palladium  salts,  and  on  the  applicatiou  of  heat ;  this  subsalt 
will  be  dissolved  in  any  excess  of  alkali  present 

3rd.  Ammonia  and  its  carbonate  throw  down  a  copious  flesh- 
coloured  precipitate,  an  ammonio-ohloride  soluble  in  excess,  but 
from  palladious  nitrate  ammonia  gives  ncf  precipitate. 

4th.  Ferrous  sulphate  reduces  palladium  salts  after  a  time, 
and,  as  with  gold,  heating  the  solution  &cilitates  the  reduc- 
tion, but  if  the  solution  is  very  acid,  action  is  proportionally 
slow ;  the  precipitated  metal  covers  the  sides  of  the  vessel  in  a 
film. 

5th.  Stannous  chloride  gives  a  brown  precipitate,  which  is 
soluble  in  hydrochloric  acid,  giving  a  bluish  green  solution.  On 
largely  diluting  this,  it  becomes  reddish  brown. 

Lastly,  mercuric  cjranide    is  the    characteristic  test.     This 
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precipitates  a  yeQowish-whitQ  i^'anide,  whicli  becomes  white  on 
standing,  and  is  soluble  in  hydrochloric  acid. 

The  estimation  of  palladium  quantitatively  is  generally  made 
from  this  precipitate,  for,  by  mercuric  cyanide,  we  have  the 
means  of  separating  it  from  all  the  noble  roetals,  and,  indeed, 
from  all  others,  if  wo  except  lead  and  copper.  If,  then,  a  solution 
of  the  alloy  be  made  in  aqua  regia,  silver  will  be  separated  during 
the  solution.  The  acid  of  the  filt«red  solution  is  next  saturated 
with  Bodic  carbonate,  and  mercuric  cyanide  added ;  lastly,  the 
separated  cyanide  is  heated,  and  the  palladium  obtained  by  its 
decomposition  is  weighed  directly  as  metaL 


Lead  has  been  known  from  very  remote  timea,  but  there  eeema 
to  be  reasoD  for  believing  that  the  same,  as  found  in  early 
writings  —  tho  Bible,  for  instance — did  not  signify  the  metal  now 
tiearing  this  name. 

The  chief  ore  ia  a  sulphide  called  galena,  the  average  compo- 
sition of  which  may  be  assumed  as  of  about  80  parts  of  lead 
ossociated  with  1 3  of  sulphur.  It  ia  in  fact  a  protosulphide,  and 
consequently,  if  pure,  shoidd  have  the  composition  of  81-61  per 
cent  of  lead  with  13*39  "'*  Bnlphur.  But  sulphides  of  antimony, 
copper,  zinc,  arsenic,  and  iron,  are  also  found  in  small  proportion 
in  it.  And  it  ia  further  aaaociated  with  quartz,  fluor  spar,  calo 
spar,  and  heavy  spar  or  baric  sulphate. 

Galena  invariably  contains  silver,  in  the  form  of  argentio 
sulphide,  and  the  proportion  of  silver  ia  subject  to  great  variation. 
One-third  per  cent  constitutes  a  veiy  rich  ore.  Such  a  one  was 
shown  in  the  Exhibition  of  1 862.  It  was  a  Swedish  ore,  con- 
taining rather  above  100  ozs,  of  silve^ton,  which  woiUd  equal  one  ^** 
pEirt  in  326.  The  average,  however,  of  ordinary  galenas  ia  about 
0-002  per  cent. 

Percy,'  on  the    authority    of  Mr.   Radcliffe,  mentions    the 

*  Tetfy'e  MtialluTj!/,  vol.  iii.  page  17]. 
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eitraordinary  richnesa  of  PeniTiaii  galenas  in  silver,  stating  that 
■  it  varies  is  the  rich  kinds  from  17a  to  1138  oks.  per  ton,  and  that 
the  latter  contained  further  half  an  ounce  of  gold  per  ton ;  and 
Percy  states  that  he  has  never  found  a  lead  ore  containing  silver 
which  did  not  also  contain  gold,  and  '  probably  in  the  state  of 
sulphide.'  Galena  is  known  by  the  names  of  blue  lead,  specular 
galena,  argentiferous  galena,  &a.,  dependent  on  appearance,  asso- 
ciation, &c  The  latter,  containing  silver,  is  not  easily  distin- 
guished by  any  great  external  difference.  The  purer  the  galena 
the  smaller  is  the  amount  of  contained  silver. 

Galena  is  a  crystalline  ore,  its  primary  form  being  the  cube ; 
but,  as  would  be  expected,  it  ie  frequently  found  in  ootobedra.  It 
crystallises  at  times  in  very  boautiful  groups  of  cubic  crystals, 
having  much  metallic  lustre. 

It  is  the  principal  souroe  of  English  lead,  and  is  found  in 
Derbyshire  and  Cumberland,  in  the  carbonate  of  lime  formations ; 
in  Wales  at  Holywell,  in  Flmtahire;  in  Corunall  it  is  found 
traversing  clay  slate  rocks ;  in  Scotland  it  is  also  obtained  largely 
at  Leadhills  in  Lanarkshire ;  also  in  the  Isle  of  Uan,  and  in 
Ireland ;  largely  in  Spain,  in  the  German  States,  and  Sardinia ; 
and  in  smaller  quantities  in  France  and  Belgium. 

Lastly,  in  the  United  States,  and  latterly  considerable  qnan- 
titles  of  plumbio  sulphate,  containing  much  silver,  have  been 
brought  from  Australia, 

The  rarer  minerajs  of  lead  are  almost  invariably  found  in 
association  vdth  galena.  They  are,  native  oxide  or  massicot, 
chloride,  sulphate,  carbonate,  phosphate,  and  ohromate  of  lead. 

Before  smelting  the  ore,  it  is  assayed  in  order  to  ascertain  the 
amount  of  lead  present,  and  of  the  several  methods  of  assaying 
galenas,  that  wherein  the  ore  is  simply  fiised  in  contact  with 
iron,  is  by  &r  the  best  Heating  with  iron  sets  free  the  lead  at 
once,  the  sulphur  of  the  <»«  uniting  with  the  iron  to  form  a  sul- 
phide. In  some  oases  an  earthen  crucible  is  used  and  metallic 
iron  added,  but  the  most  usual  plan  is  that  of  heating  the  ore 
with  a  flux  in  a  wrought-iron  omoible,  in  which  ease  the  requisite 
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metal  for  decompoaitioD  is  furnished  by  the  veBsel  itselC  The 
fluxes  uBod  are  some  alkaline  one  for  the  diaaolving  and  separation 
of  earthy  matters,  and  a  little  borax,  the  latter  to  assiat  in 
cleausiDg  the  metal  set  free,  and  thus  promoting  the  formation 
of  a  compact  button. 

Supposing  an  earthen  crucible  is  employed.  The  ore  is  first 
pondered  mid  dried.  The  weight  for  assay  is  then  taken,  and 
2  JO  grains  is  a  fair  quantity  to  operate  upon,  but  if  the  ore  is  not 
rich,  as  much  as  500  grains  must  be  employed.  If  250  grains 
are  considered  suf&oient,  it  must  be  mixed  with  350  grains  of 
black  flux,  or  some  analogous  flux,  as  for  instance  a  mixture  in 
the  proportion  of  i  part  of  pewdered  argol  with  7  of  sodic  car- 
bonate, and  of  this  mixture  about  1 50  grains  would  be  used.  A 
olay  crucible  having  been  heated  to  dull  redness,  the  mixture  is 
introduced ;  about  50  grains  more  flux  is  next  put  in,  then  a  few 
pieces  of  good  iron  (and  horse  shoe-nails  are  often  employed  aa 
being  made  only  of  the  best  quality  of  iron).  Lastly,  about  60 
or  70  grains  of  fused  borax  ia  put  upon  the  top  of  alL  Of  course 
if  s°o  grains  of  ore  is  operated  upon,  the  amount  of  fluxes,  &c.  ars 
increased  in  like  proportion.  The  oruoible  is  then  placed  in  a 
wind  furnace,  and  heated  gradually  to  full  redness  for  about  t«Q 
nunutes,  after  which  the  remaining  iron  is  removed,  the  whole 
allowed  to  cool,  when  the  pot  is  broken  and  the  mass  struck  a 
sharp  blow  on  the  side  with  a  hammer ;  this  compresses  the  button 
and  breaking  the  slag  detaches  it.  The  slag  being  hard  and 
brittle,  but  the  button  soft.  It  is  better  to  operate  thus  than  to 
pour  the  crucible  contents  into  a  hemispherical  mould,  and  then 
separate  the  slag,  for  it  is  difficult  to  pour  without  risking  some 
beads  of  metal  remaining  adherent  to  the  pot. 

When  the  aaaay  is  made  (aa  it  commonly  is)  in  a  wrought-iron 
crucible,  the  operation  is  carried  out  in  the  same  way,  omitting, 
however,  the  introduction  of  iron.  There  is  some  trouble  in 
obtaining  these  crucibles  of  good  make  and  quality.  Percy  says 
of  the  assay  in  iron  crucibles,  '  From  long  experience  of  this 
method  of  assaying,  in  the  Metallui^cal  Laboratory  of  the  School 
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of  Mines,  and  from  an  eiperimental  oompariBon  of  it  with  other 
methods,  we  have  come  to  the  oonclusion  that  it  is  the  beet." 
An  iron  dish  is  often  similarly  used. 

A  dry  assay  of  lead  ores  without  iron  may  be  made  us  follows. 
An  accurately  weighed  portion  (dried  f^^  powdered)  is  mixed  with 
three  or  four  times  its  weight  of  dry  potassic  carbonate.  This  is 
put  into  a  small  clay  crucible,  and  covered  withalayerofdi^sodic 
chloride.  It  is  neit  introduced  into  a  muffle,  and  heated  ta  a  high 
temperature  for  half  an  hour.  A  button  of  lead  will  subeide,  which, 
on  removal  and  separation  of  the  slag,  may  be  weighed.  But  this 
method  requires  much  more  care  and  time  than  the  iron  method, 
and  is  not  often  used,  as  it  only  succeeds  in  ezperieuoed  hands. 

Several  wet  methods,  by  means  of  standard  solutions,  have 
been  devised ;  but  they  are  mostly  tedious,  and  open  to  small 
sources  of  error,  and  hence  cannot  compare  with  dry  ones  either 
for  speed  or  accuracy. 

Of  these,  Dumonte'a  may  be  offered  aa  a  more  simple  example. 
He  dissolves  the  sample  in  nitric  acid,  evaporates  it  to  drynees, 
re-dissolves  in  potassa  solution  ;  then,  after  filtering,  estimates  the 
lead  by  the  amount  of  a  standard  solution  of  aodic  sulphide 
required  to  throw  it  down  as  plumhio  sulphide,  delivering  it  from 
a  burette,  and  heating  between  each  addition  in  order  to  ole^ 
until  the  lead  solution  is  quite  saturated.  The  standard  solution 
is  made  by  dissoWing  about  500  grains  of  sodic  sulphide  in  a  quart 
of  water,  and  ascertaining  ita  value  by  testing  it  with  a  weighed 
quantity  of  pure  lead. 

If  a  wet  method  is  needed,  the  ordinal?  analytical  one  of 
converting  the  lead  into  sulphate 'may  be  used.  A  quantity  of 
ore  is  powdered,  and  a  eample  of  about  15  grains  carefiiUy 
weighed  from  it.  This  is  treated  with  strong  nitric  acid.  When 
decomposition  ceases,  a  few  drops  of  strong  sulphuric  acid  are 
added,  and  it  is  to  be  evaporated  until  all  the  nitric  b  driven  off. 
The  metals  will  thus  be  converted  into  sulphates. 

"  For  det«iled  acoount  of  tlie  m«thod  tee  Peroy'i  MilaUuTyi/  0/  Lead,  page 
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The  masa  is  uext  digested  in  wnter  to  disBolve  out  soluble 
Bulphates,  and  the  ioBoluble  residue  filtered  out,  and  washed  with 
water  containing  a  little  sulphurio  acid.  The  insoluble  matter  is 
next  dried,  ignited  in  a  small  porcelain  crucible,  and  weighed.  It 
is  next  removed  and  digested  in  a  solution  of  tartrate  of  am- 
monia, or  of  acetate  of  ammonia,  added  in  snccessive  portions ; 
this  will  dissolve  out  the  plumbic  sulphate,  leaving  any  bario 
sulphate  with  other  insoluble  bodies,  aa  the  oxides  of  tin  and 
antimony,  quartz,  &c. 

The  part  undissolved  of  the  whole  is  again  filtered  out,  well 
washed  with  boiling  water,  and  ag^n  dried,  ignited,  and  weighed. 
The  difference  between  the  two  weighings  is  the  amount  of 
plumbic  sulphate  which  was  present  in  the  first  weighed  matter, 
and  fiT>m  this  the  weight  of  lead  may  be  calculated. 

The  smelting  of  lead  in  the  reverberatoty  furnace  has  been 
long  in  use.  By  it  almost  all  ores,  except  veiy  refractory  ones, 
are  worked.  It  is  moat  effective  for  ores  which  contain  but  a 
small  amount  of  silica,  with  not  a  large  admixture  also  of  foreign 
sulphides.  The  ore  is  first  sorted  and  ireed  as  much  as  possible 
from  such  siliceous  matters,  and  then  ground  and  washed  for 
the  same  object,  when  it  is  ready  for  the  smelter. 

The  principle  of  this  operation  consists  in  heating  the  ore  in 
Buob  a  manner,  vrith  free  access  of  air,  as  shall  convert  portions  of 
the  plumbic  sulphide  into  plumbic  oxide,  and  also  plumbio  sul- 
phate, by  oxidation  of  both  lead  and  sulphur  of  the  galena.  The 
portions  so  changed  react  upon  some  crude  or  unchai^;ed  ore,  and 
the  sulphur  and  oxygen  of  the  combinations  so  engaged  being  just 
in  the  proportions  to  produce  sulphurous  anhydride,  this  gas  is 
formed  and  evolved,  and  the  metaltio  lead  set  free. 

The  changes  may  be  thus  symbolised.  First  in  the  production 
of  plumbio  oijde  2PbS+06=iPbO  +  2  SO^.  And  for  plumbio 
sulphate,  PbS  +  04=Pb  SO^. 

Then  in  the  reaction  of  plumbio  oxide  and  sulphate  upon 
crude  sulphide,  i  PbO+PbS=SO,+  3  Pb ;  and  PbSO^+PbS- 
aSO.+iPb. 

In  the  whole  of  these  reactions  five  atoms  of  plumbio  sulphide. 


Lus.  3ir 

with  ten  atoms  of  oiygen,  aet  free  fiveatoniBofmetidlio  lead,  fonu- 
ing  five  of  Bulphuroua  anhydride  at  the  same  time. 

Tha  reverberatoTj  foniace  employed  haa  a  bed  of  about  to  feet 
by  8,  formed  generally  of  old  akge  of  former  operationB.  It  ia 
well  depressed  at  one  side  in  the  centre  at  d,  and  at  the  lowest 
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part  a  tap-hole,  a,  is  formed  for  the  ninning  off  of  the  metal,  for 
receiving  which  there  is  an  iron  baain  outside  the  fiimace  at  the 
tap-hole.  A  aeries  of  openings,  b,  are  also  formed  in  each  side  for 
air  admiasion,  as  also  for  woiUng  the  charge.     There  ia  a  bridge. 
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0,  of  at  least  a  foot  between  the  fiimace  and  bed ;  and  at  the  back 
the  flue-opening,  o,  ia  placed  as  low  aa  9  inches  above  the  bed. 
This  m  provided  with  a  damper  to  check  draught,  and  as  the  lead 
fumoa  are  very  liable  to  partially  choke  the  horizontal  part,  its  top 
IB  always  provided  vith  movable  tiles  for  the  clearing  this  out,  and 
thus  much  metal  ie  recovered.  The  flue  terminates  in  a  shaft  of 
about  60  feet  high. 

In  this  Aimace  a  little  over  a  ton  of  ore  is  worked  upon ; 
generally  alone,  if  it  contain  earthy  matters,  in  such  relative  pro- 
portion as  will  flux  well  together ;  but  if  not,  then  the  ore  is  mixed 
with  a  flux,  which  is  usually  about  -fy  of  lime ;  and  these,  after 
charging  in,  are  spread  evenly  upon  the  bed.  The  furnace  having 
worked  off  a  previous  chai^  (and  the  working  of  a  charge 
occupies  about  five  hours  in  all),  it  will  be  somewhat  cooled  down 
by  its  removal,  &a.,  but  the  heat  is  but  slightly  raised,  by  partial 
dosing  of  the  openings,  in  order  that  a  slow  calcination  of  the  new 
charge  of  ore  may  be  first  effected.  In  about  two  hours  any  rich 
Blags  or  skimmings  of  former  workings  are  thrown  in,  and  as  these 
will  speedily  yield  their  lead  the  tap-hole  ia  opened  for  running  it 
off  into  the  receiving  pot 

The  smelter  next  turns  over  and  rabbles  the  chai^,  so  as 
constantly  to  bring  fresh  portions  in  oontact  with  air  for  the  necea- 
saiy  conversion  of  such  portions  into  oxide  and  sulphate. 

This  stage  over,  he  raises  the  damper  and  closes  up  the  furnace 
sufficiently  to  raise  the  temperature  to  bright  redness.  Reaction 
then  sets  up  between  the  plumbic  sulphide  and  the  oxide  and  sul- 
phate, and  the  charge  efferveeces,  and  quantities  of  sulphurous  ap- 
hydride  are  evolved,  thus  producing  the  effervescence.  The  lead  now 
begins  to  flow  down  into  the  depression  of  the  bed,  and  to  keep  up 
the  reaction  the  slag  is  kept  from  fusing  down  also,  but  rather 
pasty  enough  to  allow  of  the  changes  going  on.  The  heat  is 
therefore  somewhat  lowered,  and  as  the  charge  melts  and  sinks 
down,  a  little  quicklime  is  at  times  put  in  and  the  beat  then  again 
raised.  Some  portions  of  this  set  free  oxide  of  lead  by  decompos- 
ing any  silicate  present,  the  lime  itself  becoming  calcic  silicate. 
Bat  its  chief  use  seems  t«  be  the  prevention  of  too  ready  ftision 
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of  the  charge,  and  for  its  retentioa  in  that  pasty  state  which  will 
admit  of  the  ooDBtituenta  reacting  perfectly  upon  each  other. 

Ab  a  laat  atep,  the  heat  ia  raiaed  to  the  highest  point  needed, 
and  in  about  three-qu&rten  of  an  hour  the  metal  subsiding  in  the 
bed  ie  run  out  into  the  receiving  pot,  after  which  the  slags  remaia- 
ing  are  treated  with  enough  lime  to  '  dry'  them,  that  is,  to  render 
them  sufficiently  solid  to  rake  out  at  the  slag  opening. 

The  pot  of  lead  is  usually  covered  with  some  small  coal,  which, 
after  stirring  with  it,  ia  skimmed  off,  and,  as  above  stated,  put 
into  the  next  charge  just  after  calcining,  together  with  the  plumbic 
sulphide  produced  and  separated  from  the  reduced  lead. 

The  alsg  run  from  the  furnace  amounts  to  about  2;  per  cent 
of  the  charge,  and  when  (aa  it  generally  does)  it  contains  un- 
separated  lead,  it  is  subjected  to  an  after  operation  for  its  removal, 
in  a  slag  hearth,  or  at  some  works  in  a  oupola  furnace.  The  con- 
sumption of  coal  amounts  to  about  1 2  cwL  per  ton  of  ora 

At  places  in  Cornwall,  as  also  at  some  Continental  works,  the 
calcination  and  reduction  of  the  ore  are  carried  on  by  two  separate 
operations,  and  in  distinct  reverberatory  furnaces.  The  Gret  or 
calcining  one  is  laige,  and  in  it  the  ore  is  roasted  with  occasional 
atirring  ;  this  often  lasting  about  1 8  hours  or  so.  This  roasted  ore 
is  next  melted  in  a  smaller  furnace,  wherein,  after  fusion,  it  is 
covered  with  a  quantity  of  quicklime  and  some  anthracite,  and 
heated  with  about  $  per  cent  of  iron  in  pieces.  This  latter  acts 
upon  the  plumbic  sulphide,  and  seta  the  lead  fr^  and  has  the 
effect,  moreover,  of  so  completely  decomposing  the  ore  that  the 
slag  subsequently  run  off  will  be  nearly  free  from  lead.  The  lead 
is  first  tapped  off,  and  after  this  a  regulus,  from  which  more  lead 
is  obtained  by  subeequent  smelting ;  then,  lastly,  a  separated  and 
worthless  slag  is  removed. 

In  the  north,  in  Cumberland,  Durham,  Northumberland,  and 
also  in  Scotland,  lead  ia  smelted  on  the  Scotch  or  ore  hearth, 
which  ia  a  small  blast  furnace,  or  rather  forge,  supplied  with  the 
tuyere  of  a  blowing  apparatus,  the  whole  covered  by  a  hood  of 
masonry,  continued  into  a  flue  of  great  length,  often  of  a  mUe, 
even  to  three  long ;  this  great  length  being  given  for  the  purpose 
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of  rettunlng and  eoonomizing  tha  'lead  smoke'  produced  in  vort 
in^  and  at  the  Bomo  time  obviating  the  ill  eSecte  of  the  erolution 
of  a  lai^  body  of  aulphurouB  acid  or  anhydride  juBt  at  the  working 
place.  From  the  front  of  the  hood  an  iron  plate  or  blower  is  fixed 
to  lower  or  raise  so  as  to  regulate  the  draft  over  the  hearth  ;  but 
fi>r  the  main  draft,  which  would  bo  deficient  in  such  a  long  flue, 
some  provision  is  made  in  the  way  of  exhausting  apparatus,  and 
it  also  is  made  to  end  in  a  tall  upright  shaft. 

A  rich  character  of  ore  is  usually  worked  in  these  hearths,  and 
before  actual  reduction  they  are  roasted  in  a  reverberatory ;  and, 
as  in  the  after  reducing  operation,  only  a  comparatively  low  tem- 
perature IB  seeded ;  the  lead  produced  is  very  pure,  from  this 
low  temperature  being  insufficient  for  the  reduction  of  portions  of 
ores  of  other  metala  present,  which  would  vitiate  the  lead  if 
reduced  with  iL 

The  roasting  operation  occupies  about  throe  hours,  a  low  tem- 
perature also  is  used  for  this,  and  &equent  stirring,  whence  the 
changes  eSected  in  the  ore  are  much  the  same  as  those  already 
described,  viz.,  the  conversion  of  some  sulphide  into  oxide,  and 
also  sulphate  by  oxidation.  The  ore,  too,  thus  is  rendered  spongy 
and  porous,  and  is  therefore  drawn  out  into  a  tank  of  wat«r, 
whence  it  is  removed  and  dried  for  the  after  smelting  operation. 

The  furnace  or  hearth  consists  of  a  rectangular  cavity,  built  in 
masonry,  and  lined  at  the  bottom  by  a  thick  oast-iron  box,  the 
dimensions  of  which  are  about  i  foot  deep  by  2 1  inches  wide,  and 
23  inches  from  front  to  back.  The  work  'stone' — a  sloping  plate 
of  iron — ia  fixed  in  front  of  the  hearth,  and  with  an  inclination 
from  back  to  front  of  about  6  inches  in  1  feet ;  it  is  surrounded 
by  a  rim,  except  on  the  hearth  side.  In  front  of  this  work-stona 
a  cast-iron  pot,  for  the  reception  of  the  reduced  metal,  is  placed; 
and  leading  to  this  from  the  hearth  is  a  channel  hollowed  out  in 
the  work-stone  for  the  flow  of  metal  down  into  the  pot.  At  the 
back  of  the  hearth  is  a  block  of  cast-iron,  called  the  back-stone : 
on  this  the  nozzle  of  the  tuyere  rests.  The  back-stone  carries  a 
second,  placed  above,  called  the  pipe -stone,  in  which  latter  a 
cavity  for  the  tuyere  is  formed.     The  whole  arrangement  ia  com- 
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pleted  by  side-blockB  c&llcd  bearers  and  keystones.  Lastly,  there 
is  a  large  cross  piece  tormed  a  fore-stone.  But  all  are  actually 
heavy  maesea  of  iron. 

As  already  stated,  before  smelting  in  this  furnace,  the  ore  is 
roasted,  "unless  it  contains  plumbic  carbonate  in  any  quantity. 
The  ore  being  prepared,  for  smelting  it  a  quantity  of  peat  is  placed 
in  layers  in  the  cavity  of  the  hearth,  especially  in  the  front,  an 
ignited  peat  is  then  introduced,  and  a  gentle  blast  turned  on  ao  as 
to  ignite  the  whole ;  then,  to  increase  the  heat,  some  coal  is,  if 
needed,  thrown  over  all.  When  the  heat  has  been  sufficiently  got 
up,  some  partially  fiised  ore,  called  browse,  and  actually  a  residue 
of  some  previous  operations,  is  put  on  to  the  fliel;  this  softens 
almost  at  once.  The  whole  is  now  stirred  and  drawn  forward  in 
portions  by  a  rake,  a  mass  brought  out  upon  the  work-stone  is 
examined,  and  the  grey  slag  with  it  separated  and  removed,  the 
richer  ore  being  put  back  in  the  furnace.  A  peat  is  jiaced  in 
front  of  the  blast-pipe  so  as  to  distribute  the  blast,  and  at  about 
every  quarter  of  an  hour  the  charge  is  examined  on  the  work-stone, 
and  the  slag  separated ;  the  ore  is  returned  to  the  hearth  ;  sepa- 
rated  lead  flowing  to  the  pot ;  and  at  the  same  periods  fresh  ore 
and  fuel  are  supplied.  During  a  fourteen  hours'  working  period 
or  '  shift,'  from  one  to  two  tons  of  lead  will  be  separated,  which  is 
at  once  cost  into  pigs  from  the  pot,  but  a  quantity  is  always  put 
back  in  the  hearth  so  as  to  leave  it  nearly  full  of  lead  fur  the  next 
shift.  The  separated  grey  slag  retains  about  one  fifteenth  of  its 
own  weight  of  lead,  and  is  subsequently  smelted  in  the  slag 
hearth.  During  working  of  the  ore  hearth,  if  this  slag  becomes 
too  pasty,  the  separation  of  the  lead  will  be  hindered ;  in  such 
case,  a  little  lime  is  added,  to  render  it  less  fusible ;  but,  on  the 
other  hand,  if  too  refractory,  a  small  portion  of  lime  added  will 
alao  soften  it 

The  ore  hearth  working  is  really  a  blast-furnace  oiwration,  but 
at  Freiberg  where  ores  arc  also  treated  fur  silver  and  copper, con- 
tained with  the  lead,  a  trae  blast-fiimaca  is  employed,  in  which 
the  roasted  ores  are  smelted  in  coqj  unction  with  regulus  or  slags 
of  other  operations.     These  frimaeea  are  from  lo  to  2;  feet  high. 
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and  are  blown  by  ordinary  cylinders  much  on  the  same  plan  as 
those  eroployed  in  iron  blast-fumacea. 

Where  lead  ores  are  associated  with  much  silica  their  redac- 
tion by  ordinary  means  would 
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from  the  furnace  di 

earned   m  at  the  back  of  the  body 


be  attended  with  considerable' 
loss,  as  the  plumbic  oxide 
produced  would  combine  with 
silioa,  forming  a'  very  Fasible 
slag.  Henoe,  such  ores  are 
treated  with  metallic  iron, 
and  reduced  by  the  blast- 
furnace. In  the  HartE  a 
peculiar  form  is  so  employed, 
the  body,  formed  by  two 
cones  {a  and  6),  joined  at 
their  bases,  ia  about  20  feet 
high  by  3  in  diameter  at  its 
widest  part  The  upper  part, 
or  mouth,  terminates  in  a 
set  of  chambers  (c),  built  so 
as  to  retard  the  current  from 
the  furuace,  and  retain  the 
volatilized  lead  fumes  from 
the  charge ;  these  end  in  a 
shaft  or  flue  seen  on  the  left, 
and  entered  at  its  lower  part 
Beneath  the  furnace  body  is 
a  cavity  {/ ),  and  in  front  of 
this  the  cnicible(e),  adjacent 
to,  and  connected  with  this, 
it)  a  second  receptacle  (d) 
intended  also  for  the  recep- 
tion of  the  metal  and  matt 
which  are  constantly  flowing 
ig  working  The  tuyere  for  the  blnst  is 
such  a  manner  as  not  to 
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produce  ozidatioa  of  the  oharge,  but  to  act  on  the  fiiel  alone, 
aud  for  this  the  charge  is  introduced  at  the  back,  the  iiiel  at 
the  front,  and  in  working,  a  portion  of  slag  is  allowed  to  solidify 
round  the  tuyere  bo  as  to  blow  out  into  an  elongating  tube,  or 
'  nose,'  which  carries  the  blast  forward  in  the  fumaoe. 

The  charge  consists  of  too  parts  of  ore,  and  to  this  is  added 
more  than  its  own  weight  of  scories  derived  firom  a  previous  opera- 
tion, together  with  small  quantities  also  of  residues,  containing  a 
small  portion  of  impure  litharge.  Then  for  the  reduction  fi*om 
4  to  5  parts  of  granulated  cast  iron  is  added.  During  working 
lead  and  slag  continually  flow  out  together.  The  slag  is  com- 
posed of  some  plumbic  sulphide  mixed  with  sulpbidee  of  other 
metals  present  in  the  ore,  and  also  the  iron  sulphide  resulting 
from  the  operation.  This  slag  forms  a  matt  upon  the  surface  of 
the  metal  which  subsides  to  the  bottom  of  the  second  crucible. 

The  lead  is  separated  aud  cHSt  into  pigs,  the  matt  reserved  for 
a  further  operation  for  its  reduction.  The  temperatiu^  of  the 
upper  part  of  the  furnace  ia  kept  as  low  as  possible,  to  prevent 
volatilization  of  the  plumbic  sulphide  of  the  ore. 

In  English  lead-smelting  works,  the  slaga  resulting  from  opera- 
tions described  being,  for  the  most  part,  poor  in  lead,  require  a 
much  higher  temperature  for  the  recovety  of  the  metal  than 
that  employed  in  smelting  the  ore,  and  for  this  the  slag  hearth 
is  most  effective.  This  ia  a  similar  apparatus  in  general  arrange- 
ment to  the  bloat-fumaco  (fig.  96),  but,  as  employed  for  load 
ores,  the  body  is  very  shallow  in  comparison  to  its  area.  It 
is  a  rectangular  blast  chamber,  and  built  in  fire  material.  Its 
height  is  from  5  feet  to  3  feet  6  iuchea,  by  about  1  foot  10  inchea 
wide,  aud  z  feet  3  inches  deep  from  back  to  front  At  the  lower 
part  of  the  body  in  front  is  placed  a  basin  for  the  recepttoa  of  the 
reduced  metal,  and  again  in  the  front  of  this  latter  a  second  one 
for  the  exhausted  slag.  The  frimace  bottom  is  covered  by  an  iron 
plate,  and  upon  this  again  a  thick  layer  of  cinder  is  pocked. 

In  working,  a  quantity  of  fuel  is  put  in  (usually  peat  covered 
with  coke),  aud  after  turning  on  the  blast  and  getting  the  heat 
well  up,  some  of  the  slag  is  introduced,  and  as  this  melts  aud  sub- 
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■ides  fresh  slag  and  coke  are  put  in.  Upon  fusion,  reaotton  of  the 
retained  plumbic  sulphate  takes  place  upon  the  plumbic  sulphide, 
which  latter  la  the  result  of  reduction  of  portions  of  the  sulphate 
at  the  high  temperature,  and  again  any  plumbic  oxide  preeent 
enters  also  into  the  reaction.  Thus  the  lead  is  reduced  and  set 
free,  but  at  this  high  temperature  and  in  presence  of  carbonaceous 
matter  the  smnll  quantities  of  other  metale  which  were  left  un- 
touched at  the  lower  temperature  at  which  the  first  operations 
were  curried  on,  are  now  reduced,  and  mixing  with  the  lead  iqjnre 
its  quality.     Hence  it  is  sold  as  'slag  lead.' 

The  metal  which  runs  into  the  first  basin  is  allowed  to  pass 
Irom  it  into  a  large  melting-pot  adjacent,  whence  it  is  ladled  and 
cast  into  pigs ;  the  refuse  slags  pass  over  the  first  into  a  second 
receptacle,  coutainrag  cold  water,  in  order  to  solidify  them. 


The  cupola,  or  Castilian  furnace,  is  applied  to  the  same  uses 
as  the  slog  hearth  just  described,  via.,  for  smelting  refractory  ores. 


or  difficultly  reducible  slags,  aa  slt^  horn  reducing  ^irnocee,  also 
from  the  lead  improyiiig  furnaces  if  they  contain  silver. 

This  is  a  circular  blast  furnace  (fig.  69) ;  internally  it  is 
about  S  feet  in  height,  up  to  the  o[>cning  (e),  whore  the  charge  ia 
put  in,  and  ift.  6in.  to  aft.  loin.  diameter.  This  body  (6)  is  of 
fire-brick,  but  at  the  bottom  is  fitted  up  to  about  3  het  of  height, 
with  a  brasquing  made  of  fire-lut«  and  ground  coke.  In  the 
upper  part  of  this  a  oavity,  called  the  breastpon,  is  hollowed,  bo  as 
to  retain  the  smelted  metal  At  the  top  of  this  a  spout  (c)  is 
formed  for  the  outflow  of  the  slag  formed  during  the  operation, 
and  at  the  side  of  this  is  a  cast-iron  plat«  (i),  in  wbicli  a  long 
slot  (a)  ia  formed,  and  luted  up,  but  which  ia  tapped  from  time  to 
time  for  letting  out  the  reduced  metaL  This  is  done  by  three 
men,  two  of  whom  support  the  tapping  bar  by  means  of  two  iron 
bars  crossed  under  it,  while  the  third  drives  it  down  the  slot  by 
means  of  a  heavy  hammer.  The  metal  flowa  out  into  the  pot  (7), 
in  front  of  the  furnace,  whenoe  it  is  baled  out.  Above  the  cast- 
iron  plate  is  an  opening  (A)  bricked  up  during  the  operation  ;  this 
givea  access  to  the  breast  pan. 

The  water  tuyeres  {d  and  d)  of  a  fan-blowing  arrangement 
enter  at  the  sides  and  back.  Four  iron  pillars  cany  a  aquare 
dome  or  hood,  in  one  side  of  which  is  an  opening  for  charging  in  the 
material  and  fuel,  which  ia  done  by  wheeling  in  by  iron  barrows. 

The  material  for  reduction  may  contain  about  30  per  cent  of 
lead,  and  may  be  a  mixture  of  ores  and  slag,  which  are  reduced 
together.  If  a  flux  is  needed  for  the  ore,  limestcne  is  used.  The 
The  charge  is  put  in  alternating  with  layers  of  fuel  (coal  or  coke), 
charge  is  better  not  too  small,  or  it  is  liable  to  stop  the  draught, 
and  it  is  damped  in  order  to  prevent  dust  drawing  into  the  fiues. 

Lead,  as  obtained  frxtm  its  ores  being  impure,  is  in  roost  cases 
somewhat  hard,  and  requires  therefore  purification  to  soften  it,  or, 
aa  it  is  called,  'improving.'  For  not  only  does  it  contain  the 
silver  originally  present  in  the  ore,  but  also  antimony,  tin,  copper, 
and  other  impurities;  and  this  is  especially  the  case  in  leads 
obtained  from  Spanish  ores. 

Softening  is  performed  in  a  reverberatoiy  built  with  a  very  low 


dome,  and  whoBe  beii  is  a  lai^  cast-iruii  pan  (a),  set  quite  level 

behind  a  very  brood  bridge  (6).     At  one  end,  and  a  little  in  front. 

Fig.  70. 


Fig.  7 


IB  built  up  a  second  furnace,  provided  with  an  iron  melting-pot  (c). 
In  operating,  both  fires  are  lighted,  and  the  pot  filled  with  coane 
metal,  six  or  seven  tons  being  generally  worked  in  one  operation. 
In  some  works  no  separate  melting  pot  is  used,  the  lead  in  pig& 
being  charged  into  the  furnace  itself  and  there  melted. 

A  considerable  heat  is  first  used,  the  whole  is  then  cooled ; 
thus  a  thick  pellicle  of  slag  forms ;  this  is  raked  ofi*,  and  the  heat 
again  raised,  and  then,  on  cooling  agun,  more  slag  is  formed  and 
laked,  and  these  operations  are  repeated  until,  on  eiaminatioD,  the 
lead  is  found  to  be  purified  j  for,  ascertaining  this,  a  portion  is 
taken  out  from  time  to  time  and  tested.  Its  smface  should  now 
have    a   peculiar  crystalline    texture    and    good  blue   iridescent 
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colour;  if  the  colour  be  dull,  it  is  an  indication  of  antimony  etill 
present  Again,  it  should  now  be  quite  soft  and  malleable.  The 
operation  being  satisfactory,  the  metal  is  run  into  an  iron  pot  and 
cast  into  pigs. 

Hard  leads  with  much  impurity  will  take  fourteen  daj-s  with 
constant  attention  to  improve;  while  some  lead  needs  only  twenty- 
four  boura,  or  even  ^t  times  less.  The  slag  removed,  usually 
forms  on  cooling  a  heavy,  hard,  brownish  mass,  but  its  colour  and 
texture  vary  according  to  the  nature  of  the  impurities.  It  is 
composed  of  the  oxides  of  antimony,  tin,  &o.,  and  the  former  is 
generally  in  combination  vrith  some  oxide  of  lead,  the  affinity  for 
which  much  assists  its  removal ;  and  during  the  refining  operation, 
especially  if  prolonged,  a  considerable  amount  of  lead  oxidizes. 

The  matters  passing  out  from  lead  fumaceB  into  their  flues 
have  the  terms  '  lead  fume'  and  '  lead  smolie'  applied  to  them  ; 
and  the  condensation  and  retention  of  the  fume  or  solid  portion  is 
moat  important,  because,  in  addition  to  its  poisonous  nature,  if 
dischat^d  into  the  air,  it  occasions  loss,  at  times  rising  even  as 
high  as  one  seventh  of  the  product,  for  it  consists  lately  of 
volatilized  load  compounds. 

The  gaseous  constituent  of  lead  smoke  is  chiefly  suljAurous 
acid  (or  anhydride),  but  vapours  of  arseuious  acid  (arsenious  anhy- 
dride) are  also  commonly  evolved.  The  solid  matters  are  particles 
of  ashes,  carbonaceous  matter,  silica,  ferric  oxide,  &c.,  carried  out 
of  the  fiimace  by  the  draught.  Lastly,  the  metallic  constituents 
of  importance  are  portions  of  plumbic  sulphide,  sulphate,  oxide, 
and  carbonate,  and  generally  more  or  less  silver. 

Many  plans  have  been  proposed  for  retaining  this  fume,  so  as 
to  obviate  the  expense  and  care  of  forming  and  maintaioing  long 
condensing  flues,  such  as  condensing  it  by  a  shower  of  water ; 
filtering  through  very  porous  solid  materials  ;  evolving  steam  and 
throwing  it  in  so  as  to  mix  with  the  smoke,  &c. ;  but  none  seem 
to  be  sufficiently  effective  to  set  aside  the  long  flue,  whiuh  is  still 
lately  used. 

As  all  lead  after  reducing  retains  the  amount  of  silver  ori- 
ginally present  in  the  ore,  this  has  now  to  be  removed,  which  is 


done  by  first  concentrating  the  silver  into  a  reduced  quantity  of 
lead,  and  afterwards  cupelling  this.  Formerly,  for  want  of  a  good 
and  eftectiTe  process,  the  lead  of  commerce  always  retained  a  con- 
siderable amount  of  silver,  so  much  as  to  render  its  separation  » 
very  profitable  operation  since  Mr.  Pattinaon's  process  has  been  in 
use.  That  geotlemaa  discovered  that  if  we  fuse  lead  containing 
any  notable  amount  of  silver,  aad  then  cool  slowly,  carefully  Stir- 
ring at  the  same  time,  crystals  will  form  in  the  bath  and  subside 
to  the  bottom ;  and,  moreover,  these  will  be  much  lees  rich  in 
silver  tlian  the  original  metal  was.  Upon  this  discovery  he 
fbunded  the  following  operation  for  removing  the  poorer  lead  and 
concentrating  the  silver:—^ 

A  aeriefl  of  iron  pota,  from  9  to   ■  I   or  12  in  number,  an 
Number*  of  Pott. 

mmmmmm 

Ounca  of  Silver  per  ton. 
640     jio    i6a      it)      40       10      10        5       *i       ti       toz. 
Fig.  re- 
employed.    These  are  hemispherical,  of  about  five   feet  in  dia- 
meter, and  calculated  to  hold  a  charge  of  about  nine  tons  of  metal 
each.     They  are  set  in  brick  furnaces  adjacent  to  each  other,  but 
with  quite  distinct  flues,  furnaces,  dampers,  &c.  (fig.  73).     Suppose 
the  diagram  (fig.  72)  to  represent  the  series,  and  that  they  are  all 
empty.  In  it  the  upper  figures  represent  the  pot  number,  the  lower 
ones  the  estimated  richness  of  the  lead  in  silver,  as  usually  found 
resulting  in  the  ordinary  course  of  working  the  operation. 

Some  10  oz.  lead,  that  is  to  say,  lead  contauiing  10  ozs.  of 
silver  per  ton,  having  to  be  worked,  9  tons  of  it  would  be  placed  in 
the  sth  pot  and  melted  ;  after  complete  fusion  it  is  skimmed  with 
a  small  perforated  ladle ;  thus  the  fluid  lead  rutis  through  into 
the  pot,  and  the  dry  oxides  are  reserved  for  after  reduction.  The 
fire  is  drawn,  and  the  men  stir  the  metal  continually ;  if,  however, 
it  ia  much  too  hot,  they  will  throw  water  upon  it,  which  aeta  the 
top  lead ;  this  they  push  down  with  their  slices  («,  fig.  74),  but  the 


plan   is  objectionable  for  two  reaaona ;  first,  on  account  of  the 
dauger,  as  freqaeutly,  under  some  part,  of  the  hardened  top  a 


certain  quantity  of  water  becomeB  enclosed,  and  an  explosion 
thence  follows  ;  and,  secondly,  because  too  much  water  causes  an 
improper  fonnation  of  ciystals,  which  retain  silver  (such  ci^Btals 
are,  however,  easily  distinguished).  When  the  pot  begins  to 
thicken  from  stirring  and  cooling,  one  workman  takes  a  crystal- 
lizing ladle  {d,  fig.  74].     These  are  large  iron  ladles  of  1 8  inches 


Fig-  74- 

diameter  by  about  5  inches  deep ;  they  are  perforated  at  the 
bottom  with  half-inch  holes,  and  furnished  with  very  long  handles. 
This  handle  he  raisea  above  his  bead,  sinking  the  bowl  down 
vertically  into  the  lead  until  it  reaches  the  bottom;  then,  by 
bringing  the  handle  down  as  for  aa  he  is  able,  he  holds  it  for  a 
companion  workman  to  place  a  hook,  which  is  attached  to  a  chain 
over  it,  and  thus,  by  means  of  a  crab  and  crane,  draws  up  the 
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ladle  full  of  cryotala;  the  first  operator  then  slides  the  Udle  handle 
under  a  shoulder  of  the  crane,  and  it  is  left  to  drain  ;  the  second 
resumes  the  stirring  of  the  pot,  whilst  the  fluid  lead  drains  out 
from  the  holes  of  the  ladle,  which  ie  accelerated  from  time  to  time 
by  the  man  in  charge  of  the  ladle,  who,  by  shaking  the  shank,  so 
displaces  the  crystals  as  to  cause  all  the  fluid  lead  to  run  more 
completely  out.  This  effected,  the  crane  is  turned,  so  as  to  bring 
the  ladle  over  pot  Na  4,  for  these  crystals  are  to  be  turned  into  it, 
and  will  be  found  to  contain  only  ;  ozs.  silver.  These  operations 
ore  continued  until  Jrds  of  the  le.od  in  pot  5  has  been  passed  over  in 
crystals  to  pot  4,  that  is  to  say,  six  tons  out  of  the  nine.  Now, 
under  pot  4  a  fire  is  made  up,  so  that  the  crystals  as  they  are 
thrown  in  may  be  melted.  This  done,  the  men  with  a  large  plain 
ladle  turn  the  remaining  jrd,  or  3  tons  of  molten  lead,  in  pot  5, 
and  which  now  contains  the  remainder  of  the  silver,  eqiiaUing 
10  0Z8.  per  ton,  into  pot  6. 

Now  in  produce  the  operation  ia  thus  : — In  pot  5,  nine  tons  of 
10  oz.  lead  equals  90  ozs.  of  silver,  of  which  six  tons  of  1;  ozs.  or 
30  ounces,  works  into  pot  4  ;  and  three  tons  of  20  oza.  or  60 
ounces,  is  ladled  into  pot  6. 

Now,  providing  there  is  lead  of  these  two  assays  in  the  works, 
that  is,  three  tons  of  j  oz.  to  add  to  the  sii  tons  passed  into  pot 
4,  and  also  six  tons  of  20  oz.  in  the  same  way,  to  fill  pot  6 ;  this 
would  be  done,  and  both  these  pots  may  then  be  worked  at  the 
same  time  with  two  different  sets  of  men.  Six  tons  from  No.  6  in 
crystals  will  work  into  No.  5,  and  three  tons  in  bottoms  will  be 
put  back  into  the  same  pot  from  Na  4,  and  thus  again  fill  it 
without  any  addition  of  pig  lead. 

Ab  the  lead  '  goes  up  the  house '  for  enrichment  it  will  be  found 
that  the  separation  is  not  so  complete,  and  in  consequence  No.  1 1 
pot  will  not  contain  as  much  silver  as  is  specified  iu  the  diagram ; 
in  order  therefore  to  make  the  lead  more  6t  for  the  cupellation 
process,  it  is  usual,  instead  of  baling  out  the  three  tons  of 
bottoms,  to  continue  the  stirring  in  the  last  working  pot  until  the 
lead  thickens,  then  drawing  this  thickened  metal  roimd  the  sides 
of  the  pan,  a  perforated  ladle  is  squeezed  down  into  the  centre  of 
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it,  and  held  there.  Thus  a  quantity  of  lead,  still  fluid  from  its 
greater  richness,  squeeses  up  into  the  ladle  and  is  baled  out  thenco 
by  another  plain  ladle  and  added  to  the  last  pot,  by  which  its 
silver  value  is  fully  brought  up  to  the  required  estimate. 

The  rich  lead  is  nov  finally  submitted  to  cupellation,  to 
separate  the  silver  (see  pa^  169].  And  aa  there  is  generally  a 
loss  of  about  J  per  cent  lead  in  this  operation,  it  is  found  better  to 
employ  lead  of  this  high  silver  value  for  it. 

During  the  whole  operation  much  oxidation  of  the  lead  is 
going  on,  and  it  is  estimated  that  leads  averaging  >o  ozs.  to  the 
ton  will  produce  a  quarter  of  their  weight  in  'dross'  or  oxide  to 
reduce,  leads  of  30  ozs.  about  one  third  ;  thus  1000  tons  a-year  of 
10  ozs,  will  give  150  tons  to  reduce,  and  the  same  quantity  of 
30  oz.  about  330  tons. 

Reduction  of  this  oxide  is  accompUslAd  in  a  reverbemtoiy 
furnace,  having  a  bed  on  an  incUme  towards  a  tap  hole  situated 
on  one  side  at  the  bock  eud.  For  the  operation  the  oxides  are 
mixed  with  some  coal  of  good  quality,  and  a  fire  then  made  up 
in  the  grate ;  the  reduction  is  assisted  by  raking,  and  the  fluid 
lead  allowed  to  run  from  the  lower  part  into  a  pot  set  outside, 
and  from  this  it  is  ladled  and  cast  into  pigs,  as  the  pot  fills  from 
the  reverberatory. 

There  is  another  process  for  desilverizing  lead,  for  which  Mr. 
Parkes  obtained  patents  now  about  twenty  years  since.  In  it  he 
fuses  lead  and  zinc  together ;  subjects  the  alloy  of  lead  and  zinc 
formed  to  a  liquation  process,  and  then  the  zinc  to  distillation, 
by  which  the  silver  is  separated  with  some  lead,  and  finally 
he  recovers  the  silver  by  cupelling  this  lead. 

It  is  well  known  that  lead  and  zinc  will  not  alloy  permanently, 
but  that,  on  cooling  a  mixture  of  the  two,  the  zinc  will  separate  so 
largely  from  the  lead  as  to  form  an  upper  and  distinct  layer  in  the 
melting  pot  But  the  ziao  at  the  same  time  removes  and  retains 
a  small  portion  of  lead,  and  Parkes  found  it  that  it  abetmcts  nearly 
the  whole  of  any  amount  of  silver  originally  in  the  lead. 

In  bis  original  process  he  operates  by  fusing  the  argentiferous 
lead  in  an  ordinary  Pattinson  pot     When  melted,  fused  zinc,  iu 
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tKe  proportion  of  about  i  pound  up  to  if  pound  to  the  otinoe  of 
silver,  ia  ladled  in  from  another  pot.  The  zinc  is  next  atirred  into 
the  bath  b«  aa  to  mix  it  completely  with  the  lead. 

Next  the  fire  is  lowered  carefully  to  cool  down  the  metal,  and 
as  it  is  at  thia  time  that  separation  of  the  zinc  goes  on,  and 
Coasei]Uently  uf  the  silver,  attention  is  needed  to  effect  it  pro- 
perly. It  ia  watched,  and,  as  in  Pattinson'e  operation,  any  metal 
setting  ou  the  sides  of  the  pot  near  the  surface  is  broken  away 
into  the  bath.  When  zinc  begins  to  solidify  on  the  aurfitce  it  ia 
skimmed  off  with  a  perforated  ladle,  until  removed.  The  lead  ia 
then  left  for  a  time  further  to  oool  down,  and  if  on  examination  it 
is  found  yet  to  retain  much  eilver,  a  second  skimming  is  made 
for  zino. 

When  all  the  solidified  zinc  is  removed,  it  is  liquated  in  a  small 
iron  retort,  by  which  some  lead  will  be  separated.  After  which  the 
former  is  distilled  with  a  amall  addition  of  lime  and  carbonaceoua 
matter,  in  some  convenient  form  of  zinc  retort.  Thus  the  zinc 
distils  over,  leaving  some  lead  with  which  it  had  alloyed  and  also 
the  silver  with  this  lead. 

The  lead  is  lastly  to  be  cupelled  for  separation  of  its  silver. 

But  the  original  lead  will  be  found  hard  and  unfit  for  uae,  for, 
in  addition  to  any  noxious  metala  which  may  originally  have  been 
present  in  it,  it  retains  a  quantity  of  zino,  which  increases  the  evil 
Therefore  it  has  to  be  rendered  workable  by  treatment  in  the 
improving  furnace  (page  326).  Thus  zino,  antimony,  any  iron, 
and  the  like,  are  oxidized  and  removed  in  the  ordinary  way. 

Many  improvements  have  been  made  upon  Parkes'  process,  and 
one  which  deserves  especial  notice  is  the  use  of  superheated 
steam,  which  amongst  other  applications  is  mainly  used  as  an 
oxidizing  agent  to  the  metals  retained  by  the  lead.  Condurii  has 
patented  thia  plan  of  purification.  He  passes  superheated  steam 
for  two  to  three  hours  into  the  melted  lead.  Thus  wateiy  vapour  ia 
decomposed,  furnishing  oxygen  to  the  metab  to  be  removed 
(oxidizing  however  a  small  quantity  of  lead  nt  the  same  time), 
the  hydrogen  set  free  passes  off  with  the  excess  of  steam. 

Percy  {Afetallvr^ff  of  Lead,  p.  151)  states  that  in  examining  the 
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results  of  a  working  of  Parkes'  process  which  he  witnessed,  the  lead 
letl  retained  lo  dwta.  of  silver  per  ton;  that  liquated  retained 
i;j  ozs.  per  ton;  while  the  sine  Hkimmed  contained  i2j  ozs. 
S  dwts.  pier  ton.  The  reader  who  desires  the  fullest  information 
on  Parkes'  and  Pattinson'e  procesaea,  will  find  all  he  can  need  in 
the  work  just  cited. 

Although  the  lead  of  commerce  is  very  nearly  pure,  it  is  never 
entirely  so ;  consequently,  if  it  be  required  ohemicaliy  pure,  the 
best  quality  of  commercial  lead  must  be  taken  and  dissolved  in 
nitric  acid,  and  the  resulting  nitrate  crystallized  repeatedly  to 
purify  it.  This  is  then  heated  to  redness  in  a  crucible,  whereby 
the  nitric  acid  being  decomposed  and  driven  off,  a  pure  oxide  (if 
lead  remains,  which  may  be  reduced  to  metal  by  heating  with 
black  flux.  But  it  may  thua  retain  traces  of  sQver.  If  therefore 
it  is  to  be  freed  entirely  from  silver,  lead  ehould  be  dissolved  in 
nitric  acid,  purified  by  recryetalliisation,  and  then  precipitated  as 
sulphate  from  a  dilute  solution  by  sulphuric  acid.  Thus,  dilute, 
the  silver  remains  untouched.  The  washed  plumbic  sulphate  is 
reduced  by  heating  with  sodic  carbonate  and  reain  in  a  Uned 
crucible.  Or  8  parts  of  plumbic  sulphate  may  be  mixed  with 
4  of  potass  and  i  of  charcoal,  and  then  reduced  at  a  moderate 
temperature. 

Propertiei. — When  lead  is  pure  it  is  very  soft,  and  hence  may 
be  cut  even  with  the  linger-natl,  its  clean  surface  being  of  a  bluish 
white,  which  rapidly  tarnishes  from  oxidation.  It^  specific  gravity 
ia  ii's;.  In  rolled  lead  the  specific  gravity  would  be  increased 
by  coudensatjon  of  the  metal,  but  such  impurities  aa  are  found  in 
commercial  lead  nsually  lower  its  specific  gravity.  It  is  readily  ■ 
rolled  into  thin  sheets,  as  it  is  tolenibly  malleable  and  ductile, 
but  it  is  not  very  tenacious,  although  it  may  be  drawn  into  wire  ; 
indeed  its  tenacity  is  so  low  that  a  wire  of  'i  inch  diameter  will 
only  carry  30  lbs.  weight.  Lead  melts  at  617°  F.  =  315°  C,  and 
may  be  crystallized  with  care  in  octohedrona  or  the  primitive  form 
of  cubes.  I  have  a  very  beautiful  specimen  of  lead  crystallization  in 
cubes  and  octohedra.  It  was  given  me  by  Mr.  D.  C.  Griffith,  who 
removed  it  with  some  braaque  from  the  interior  of  a  smelting 
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furnace,  in  which  the  crTstallization  had  taken  place  very  bIowIj. 
If  repeatedly  heated  and  fiiaed,  it  gradually  becomea  harder, 
probably  from  absorption  of  portions  of  oxide  which  beoome 
diffiised  through  the  mass,  for  a  layer  of  charcoal  put  over  the 
metal  duriug  fuaion  will  prevent  this.  It  shrinks  on  cooling,  and 
is  not  adapted  for  casta  where  sharpness  is  an  object. 

Pattinson,  in  attempting  to  distil  lead,  found  it  volatile  at  very 
high  temperatures,  small  quantities  rising  in  vapour  recoudensable 
into  metaL  On  exposure  to  heat  and  air  the  fume  evolved  is  of 
plumbous  oxide. 

Lead  is  readily  acted  on  by  acetic  acid,  whose  vapour  corrodes 
the  metal.  By  cold  sulphuric  or  hydrochloric  it  is  unacted  on,  and 
the  action  is  very  slight  when  long  boiled  with  them.  In  the 
latter  case  with  sulphuric  acid,  sulphurous  anhydride  will  be 
evolved  during  solution,  and  with  hydrochloric,  hydrogen.  Nitric 
acid  dissolves  it,  nitric  oxide  being  evolved,  and  plumbic  nitrate 
formed.  And  this  acid  acts  very  readily  when  dilute.  Lead, 
when  exposed  to  the  action  of  pure  water  containing  air,  will 
deposit  plumbic  oxycarbonate ;  and  the  scale  of  this  substance 
falling  off  will  leave  a  fresh  surface  for  renewed  action,  and  thus 
rapid  corrosion  is  the  result  Dr.  Miller,  who,  with  Mr.  Daitiell, 
experimented  upou  this  matter,  observed  that  certain  salts,  as 
phosphates,  sulphates,  and  carbonates,  diminish  the  corrosion, 
while  calcic  bicarbonate  quite  hinders  it;  hence  spring  waters, 
which  generally  contain  this  substance  largely,  are  inactive  upon 
lead ;  but  chlorides,  nitrates,  and  nitrites,  are  especially  injurious. 
The  quantity  in  the  case  of  either  salt  inducing  solution  is  not 
more  than  3  or  4  grains  in  the  gallon. 

Water  containing  carbonic  acid  to  any  considerable  amount 
completely  dissolves  lead,  for  the  plumbic  carbnuate  first  formed 
is  readily  soluble  in  excess  of  carbonic  acid,  and  hence  a  &esh 
surface  of  metal  is  exposed  to  action  continuously. 

If  water  is  boiled  so  as  to  expel  all  air,  it  is  inactive  on  lead, 
although  the  water  may  be  pure.  Atomic  weight,  Z07 ;  symbol, 
Vh". 

Ciympoundt  vritA  Oxygen. — There  are  four  in  number.    The  first 
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however  being  of  no  great  interest  It  is  a  suboxide,  having  the 
compositioa  Pb^  O.  The  second  is  litharge  or  plumbic  oiide,  Pb  O. 
Then  a  peroxide  or  plumbic  dioxide  Pb  0|.  And,  fourthly,  a  com- 
pound oxide  formed  of  two  proportionalB  of  protoxide  with  one  of 
dioxide,  hence  of  a  composition  i  PbO  +  PbOf. 

Plumbic  oxide,  or  litharge,  is  the  base  of  the  ordinary  lead 
Baits;  it  is  the  litharge  of  commerce,  formed  on  the  latge  scale,  by 
heating  lead  on  an  open  flat  hearth  to  redness,  or  above  the  fUsing 
point  of  the  metal,  and  removing  the  oxide  as  it  forms.  This  is 
then  ground  and  levigated,  whereby  the  adherent  grains  of  lead 
are  separated  and  removed.  If  it  is  made  at  a  very  low  tempera- 
ture, the  oxide  forma  as  'massicot,'  a  yellow  powder;  the  texture 
and  colour  of  this  depend  upon  the  oxide  not  having  been  fused. 
It  ia  this  protoxide  which  is  formed  in  ordinary  cupelling  opera- 
tions, and  which,  by  fusion,  is  rendered  sufficiently  liquid  as  to  be 
capable  of  absorption  by  the  subetanoe  of  the  cupel.  After  fusion 
its  colour  b  of  this  lemon-yellow  hue.  It  is  volatile  at  a  strong 
red  heat,  and  may  be  dispersed  in  fumes.  Plumbic  oxide  may  be 
formed  on  the  small  scale,  by  heating  pure  plumbic  nitrate  or 
carbonate  as  described  in  the  preparation  of  pure  lead.  When 
pure,  it  is  a  lemon-yellow  powder;  where  it  inoliuea  to  orange  or 
red,  it  is  an  evidence  of  slight  admixture  of  the  compound  or  red 
oxide  with  it ;  but,  by  heating  litharge,  this  red  colour  is  assumed, 
which  disappears  again  on  cooling.  A  crystalline  hydrated  protoxide 
may  be  fortaed  by  precipitating  a  plumbic  salt  by  caustic  potass, 
or  by  dropping  a  solution  of  plumbic  acetate  into  ammonia,  until 
the  precipitate  at  first  formed  beoomes  pemianent.  The  white 
powder  so  obtained  may  bedried  at  a  gentle  heat,  and  on  examina- 
tion by  the  microscope  will  be  found  to  consist  of  minute  trans- 
parent four-sided  prisms. 

Plumbic  oxide  may  be  got  in  a  crystalline  coudition,  and 
anhydrous,  by  adding  ordinary  litharge  to  saturation  to  a  hot 
solution  of  caustic  soda  of  alxiut  i  '41  S.  G.  Rose-red  oiyatala  ore 
thus  deposited  as  the  liquid  cools. 

Plumbic  oxide  is  the  base  of  ordinary  lead  salts ;  it  is  slightly 
soluble  in  water,  giving  it  an  alkaline  reaction.     This  reactioojs 
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hIbo  shown  with  the  subaalts  of  te»d,  which  thia  oxide  readily 
forms.  The  speciGc  gmvity  of  protoxide  of  lend  is  g-y  Compo- 
sition, Pb  0  ;  atomic  weight,  223. 

Red  oiide  of  lead,  or  minium,  is  prepared  commercial!}'  hj 
heating  metallic  lead  in  a  reverberatory  furnace,  keeping  the 
metal  constantly  stirred,  and  at  a  temperature  coneidorably  below 
the  melting  point  of  the  oxide  formed,  thus  massicot,  or  plumbic 
oxide,  is  first  produced.  At  the  end  of  this  operation  the  charge 
is  raked  out  and  ground  fiue,  having  been  previously  washed  fixim 
the  coarser  parts,  and  from  any  unoiidized  lead.  The  powder  is 
then  again  heated  and  kept  at  a  dull  red  heat  for  about  24  hours ; 
the  mass  being  frequently  stirred,  and  the  heat  not  allowed  to 
rise  above  600°  F.  =  3i;°C.  Thus  the  whole  is  converted  into 
a  brilliant  scarlet  crystalJo-granular  powder.  The  beauty  of 
colour  is  insured  by  the  large  quantity  in  which  it  is  made  for 
commercial  purposes,  and  yet  more  by  the  purity  of  the  lead 
employed.  Thua  some  of  the  finest  qualities  may  be  produced  by 
employing  white  lead  or  plumbic  carbonate.  Corefiil  heating  of 
this  gives,  as  before  stated,  a  good  form  of  plumbic  oxide,  which 
on  the  necessary  second  heating  affords  a  fine  product  of  red 
lead. 

Red  lead  is  much  used  in  the  manufacture  of  flint-glass,  and 
as  its  use  is  to  give  transparency  to  it,  it  is  necessary  to  have  this 
compound  of  great  purity,  for  small  quantities  of  other  metallic 
oxides  may  not  only  injure  the  brilliancy  of  the  glass,  but  also 
give  colour  to  it,  although  its  transparency  is  kept  up.  Thus,  in 
green  bottle  glass,  as  an  extreme  example,  tbe  deep  colour  is 
entirely  due  to  the  large  proportion  of  oxide  of  iron  it  contains. 

Minium  ia,  as  already  stated,  a  mixture  of  two  proportionals 
of  plumbic  oxide  with  one  of  plumbic  dioxide,  whence  it  does  not 
combine  with  acids ;  therefore,  if  we  treat  it  with  dilute  nitric 
acid,  we  are  able  to  dissolve  out  the  plumbic  oxide,  as  it  combinea 
with  some  of  the  nitric  acid,  and  forms  plumbic  nitrate,  the 
dioxide  at  the  same  time  remaining  untouched  as  an  insoluble 
brown  powder,  which  may  be  washed  from  the  plumbic  nitrate 
and  dried. 
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Plumbic  dioxide  may  be  thus  prepared,  or  by  fiuing  lithaige 
vith  twice  ita  weight  of  nitre  miied  with  one  quarter  its  weight 
of  potassio  chlorate.  Also  by  acting  on  minium  by  ohlorine- 
vat«r,  or  by  heating  solution  of  plumbic  acetate  with  hypo- 
chloride  of  Boda  or  lime. 

It  ia  a  dark  brown  powder,  and  Fremy  states  that  it  pos- 
sesses acid  properties,  and  that  by  fusion  with  alkalis  salts  may 
be  produced,  which  he  has  called  plumbatea.  They  are,  however, 
▼eiy  onstabte,  and  are  decomposed  even  by  water. 

Mixed  with  a  small  proportion  of  sulphur,  a  compound  is 
produced  capable  of  taking  fire  upon  friction.  Hence  this  oxide 
ia  much  employed  iu  lucifer-match  making. 

Plumbic  dioxide  is  insoluble  in  acids,  excepting  dilute  hydro- 
chloric, and  from  this  it  may  be  again  separated  by  neutraludng 
with  potassa. 

Plumbic  dioxide  is  found  native  at  times,  and  in  a  cryBtalline 
condition  in  shining  hexahedral  prisma.  It  oonatitutes  heavy 
lead  ore.      Composition,  Pb  Og;  atomic  weight,  139. 

Plumbic  chloride  is  formed  when  hydrochlorio  aoid,  or  a 
solublo  chloride,  is  added  to  a  soluble  salt  of  lead.  It  falls  as  a 
ctystalliae  precipitate,  from  its  sparing  solubility  in  water,  one 
part  requiring  thirty-three  parts  of  boiling  water  for  its  solution. 
It  is  fusible  into  a  homy  mass  hke  the  similar  silver  salt.  This 
compound  is  important  in  connexion  with  silver  assaying.  Thus, 
if  a  silver  under  examination  by  humid  assay  contain  lead,  as  some 
of  the  brittle  silvers  do,  a  portion  of  the  salt  solution  will  go  to 
precipitate  this  chloride,  and  so  a  small  error  of  over-estimation 
of  the  silver  will  result.  Compoution,  Pb  CI.;  atomic  weight, 
178. 

Plumbic  sulphide  is  found  native  as  galena ;  but  an  arti- 
ficial sulphide  is  formed  by  fusing  lead  and  sulphur  together  in 
proper  proportions,  or  it  may  be  precipitated  as  a  hydrate,  by 
adding  dihydric  sulphide  to  a  solution  of  a  lead  salt,  or  even  to 
an  insoluble  lead  compound  sospended  in  water.  This  hydrate 
is  a  black  powder. 

If  plumbic  stdphide  be  acted  on  by  strong  nitric  add,  or  by 
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aqua  regia,  it  ia  converted  into  plumbic  sulphate,  and  by  the 
latter  aolvent  soioe  plumbic  chloride  is  also  formed  at  the  same 
time  with  the  sulphate.  If  dilute  nitric  acid  is  used  plumbio 
nitrate  ia  produced,  and  some  sulphur  separated  in  yellow  oily 
beads. 

Heated  in  contact  with  mt,  plumbic  sulphide  ia  converted 
into  plumbic  aulphate,  together  with  some  plumbic  oxide,  some 
Bulphtir  buraiag  away ;  but  if  out  of  contact  nith  air,  and  heated 
to  full  redness,  it  is  volatile  and  sublimes  without  decomposition. 
Heated  with  plumbic  or  with  forrio  oxide,  its  lead  ia  reduced, 
and  the  sulphur,  taking  the  oxygen  of  the  oxide,  escapee  aa 
Bulphuroua  acid  or  anhydride.  Heated  with  metallic  iron,  lead 
is  reduced,  and  the  sulphur  oombinea  with  the  iron.  Composi- 
tion, Pb  S ;  atomic  weight,  139, 

Many  of  our  valuable  pigments  are  lead  compounds.  Thus, 
ordinary  white  lead  of  the  painter  is  plumbic  carbonate,  and  the 
peculiar  body  and  durability  which  this  givea  to  oil  paint  have 
cauaed  it  to  be  an  article  of  large  manu&cture.  Patent  yellow,  or 
Turner's  yellow,  is  a  compound  of  plumbic  chloride  with  plumbio 
oxide.  Chrome  yellow  is  a  neutral  chromate ;  and  again,  when 
this  laat  ia  fused  with  five  parta  of  nitre,  plumbic  dichron)ate  and 
potasaic  cbromate  are  formed.  The  latter,  washed  away,  leaves 
the  dichromate  as  a  brilliant  scarlet  powder. 

The  alloys  of  lead  with  the  class  of  metals  hitherto  considered 
are  not  important,  as  they  form  in  the  general  brittle  unworkable 
compounds  ;  but  they  may  be  enumerated  here. 

With  mercury  lead  readily  amalgamates,  either  by  mixing  lead 
filings  with  mercury,  or  by  dropping  warm  mercury  into  lead  in 
fiiaion.  The  resulting  amalgam  will  have  a  specific  gravity  above 
the  mean  of  its  constituents,  showing  that  condensation  has  ac- 
companied the  union.  Two  ports  of  lead  and  three  of  mercury 
form  a  solid  crystalline  amalgam,  very  white  and  brittle  ;  with  a 
larger  proportion  of  mercury  it  will  be  pasty,  or  even  nearly  fluid. 
In  all  these  amalgams  the  lead  may  be  partially  oxidized  by  moiat 
air,  the  oxide  formed  being  a  suboxide  of  lead,  which  will  be  mixed 
with  some  amalgam  as  a  black  powder. 
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The  peculiuitiea  of  alloys  of.  lead  Sind  eilrer  are  taken  advan- 
tage of  iu  their  ueparation ;  thus,  as  has  been  stated,  an  alloy  rich 
in  silver  vill  remain  fluid  at  a  lower  temperature  than  a  poor  one, 
the  poorer  ciystallizing  out ;  in  fact,  the  homogeneoua  alloy  of 
silver  thus  sepaiKting  itself  under  mere  management  of  tempera- 
ture. Silver  thus  diffused  through  a  very  large  quantity  of  lead 
will  render  the  latter  lesa  maUeabl&  Lastly,  if  a  bar  of  metallic 
lead  be  immersed  in  a  solution  of  argentic  nitrate,  the  precipitated 
metal  will  not  be  pure  silver,  but  an  alloy  of  silver  and  lead. 

Alloys  of  gold  and  lead  are  brittle  in  the  extreme.  Thus  Mr. 
Hatohett  found  that  thW^  °^  ^^^  >"  S^^^  ^*^  destroy  its  coining 
qualities  to  soma  extent,  by  rendering  it  less  ductile.  If  the 
amoimt  of  alloy  in  standard  gcAi  be  formed  of  load,  and  even 
added  to  perfectly  pure  and  ductile  gold,  the  colour  will  be  straw- 
yellow,  and  the  alloy  thoroughly^  brittle.  In  all  cases,  however, 
where  gold  or  silver  is  alloyed  with  lead,  the  latter  may  be  en- 
tirely removed  by  cupellation. 

Platinum,  with  its  own  weight  of  lead,  forms  a  purplish  white 
alloy,  brittle  and  granular  in  structure,  and  acted  upon  by  the  air. 
The  metals  have  so  great  an  affinity  for  each  other,  that  a  plati- 
num crucible  will  be  perforated  b^  f\ising  lead  in  it,  or  even  by 
oxide  of  lead,  when  a  reducing  flux  is  uaed  with  it ;  the  lead  alloy- 
ing with  the  metal  of  the  crucible. 

Lead  cannot  be  separated  &om  platinum  by  cupellation  aa  in 
Deville's  process,  or  even  in  the  small  way,  without  much  care;  for 
although,  when  the  lead  ia  in  excess,  the  alloy  is  very  fusible,  as 
the  lead  oxidizes  and  the  metal  becomes  richer  in  platiniun,  so  the 
fusing  point  rises,  until,  at  length,  the  heat  of  the  furnace  or 
muffle  is  apt  to  be  insufficient,  and  the  alloy  sets  again,  retaining 
portions  of  lead. 

Palladium  and  lead  form  a  grey  alloy,  whi<^  is  granular  in  tex- 
ture, and  very  hard  and  brittle. 

The  more  important  aUoya  of  lead  are  those  which  it  forms 
with  tin,  antimony,  bismuth,  and  some  other  metals,  coustituting 
the  classes  of  solder,  type  metal,  pewter,  Ac. :  these  will  be  con- 
sidered in  their  places. 
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Disinriminatiim  of  Lead. — The  preaenoe  of  this  metal  is  indicated 
bj  the  following  teetB  :  — 

let.  Dihydric  sulphide,  or  ammonio-hydrio  sulphide,  will  throw 
down  &  black  sulphide  from  its  solutions,  insoluble  in  any  ezoeeB 
of  the  precipitant. 

2d.  Potaah  or  ammonia  throws  down  hydrated  oxide :  this  is 
soluble  in  excess  of  potassa,  but  not  in  ammonia. 

3d.  Alkaline  carbonates  precipitate  a  white  plumbio  carbonate, 
which  is  quickly  blackened  by  dihydric  sulphide. 

4th.  Sulphuric  acid  is  a  characteristio  test,  precipitating  a 
white  sulphate  :  this  ia  also  thrown  down  by  any  soluble  sulphate. 

5th.  Potassic  chromate  is  also  a  very  delicate  and  character- 
istic test,  precipitating  a  fine  yellow  plumbio  chromate,  and  acting 
upon  exceedingly  dilute  solutions. 

6th.  Hydrochloric  acid  or  a  chloride  gives  a  white  precipitate, 
soluble  in  excess  of  potassa. 

7th  A  lead  salt  is  readily  reduced  on  a  piece  of  charcoal  be- 
fore the  blowpipe,  a  bead  of  1^  ultimately  resulting  in  the  centre 
of  the  point  of  ttision ;  round  which  the  charcoal  will  be  seen  to 
have  absorbed  a  portion  of  yellow  oxide  of  lead. 

When  lend  has  to  be  estimated  quantitatively  it  ia  usually  pre- 
cipitated as  plumbic  sulphate,  and  the  precipitate  washed,  dried, 
and  ignited  in  a  porcelain  crucible  before  weighing,  the  crucible 
being  covered,  as  plumbic  sulphate  ia  slightly  volatile. 

The  solution  of  the  lead  salt  should  be  tolerably  concentrated, 
but  the  acid  dilute.  Where  greater  accuracy  is  needed,  about 
twice  the  bulk  of  alcohol  is  recommended  by  Fresenius  to  be 
added,  after  which  time  is  given  for  the  subsidence  of  the  precipi- 
tate, which,  before  drying,  is  to  be  washed  with  alcohol,  then 
dried,  ignited,  and  weighed  as  before. 

Lead  is  sometimes  precipitated  as  sulphide  by  dihydric  sul- 
phide, but  before  ^veighing,  the  precipitate  must  l>e  dried  in  a 
current  of  hydrogen.  If  this  cannot  bo  done  it  is  better  to  con- 
vert it  into  sulphate  by  oxidising  with  nitric  acid,  and  wei^ng  it 
as  sulphate. 

It  is  at  times  weighed  as  oxide  by  precipitating  hj  potassa. 
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The  analysis  of  a  ailver  lead  would  be  performed  by  solution 
of  the  specimeu  in  nitric  acid.  Then  largely  dilute,  and  add  a 
large  excess  of  hydrochloric  acid  to  throw  down  the  silver.  Plum- 
bic chloride  is  prevented  from  going  down  by  this  dilution  and 
excess  of  acid.  Then  the  lead  is  precipitated  as  sulphide,  and  the 
latter  washed,  dried,  and  weighed,  as  such,  or  as  sulphate  as  above 
directed. 

The  analysis  of  a  galena  for  the  amount  of  lead  has  been  given 
under  its  assay  (p.  315), 


CHAPTER  XIL 


This  metal  haa  beea  known  for  about  three  centuries,  although  it 
is  not  plentiful,  uor  are  its  applications  veiy  extensive.  It  is 
found  principally  nBtive,  in  a  matrix  of  quartz,  but  it  also  oocura 
with  sulphur  as  bismuth  glance,  a  sulphide  of  the  compoeition 
BL,  S] ;  at  times  with  oxygen  as  a  sesquioxide ;  and  also  in  associa- 
tion with  lead  (md  copper,  in  needle  ore  ;  sometimes  with  copper 
alone,  and  again  witli  tellurium  ;  and  it  ia  generally  found  to  con- 
tain silver,  and,  like  lead,  may  have  the  latter  separated  by  cupel- 
lation.  Biamutb  ia  obt^ned  largely  at  Schneeberg,  in  Saxony, 
also  in  Bohemia  and  Transylvania.  It  is  also  found  at  Stirling 
in  Scotland,  and  in  England  in  parts  of  Cornwall  and  Cumberland; 
in  the  United  States,  and  some  other  countries. 

The  metallurgy  of  bismuth  is  very  simple.  The  ore  is  so  easily 
liquated,  that  the  early  plan  for  the  separation  of  the  metal  was 
simply  to  heap  the  ore  upon  a  floor  with  the  fuel,  and  apply  a 
steady  gentle  heat.  By  this  means,  it  sweated  out,  and  subsided 
to  the  bottom  of  the  heap,  being  found  upon  the  floor  at  the  oloae 
of  the  operation. 

At  Schneeberg,  where  much  is  reduced,  the  ore  contains,  toge- 
ther with  about  ■  z  per  cent  of  biamuth,  a  conaiderable  quantity 
of  cobalt  also.  It  is  there  operated  upon  in  tubular  iron  retorts, 
a;  these  are  arranged  in  a  horizontal  row  of  three  or  four,  and 
inclined  irom  the  upper  to  the  lower  end,  as  shown  in  the  aeotion 
here  given.  From  the  upper  end  the  brickwork  ia  gradually 
bevelled  down,  towards  a  trough  containing  water,  d  ;  wliile  below 
the  lower  end  ia  placed  an  iron  basin,  o.     Lastly,  above  each  to- 


tort  is  a  couple  of  holes  made  through  the  brickwork  of  the  roof, 
E  E,  vherebj  the  draught  to  each  can  be  increased  or  diminished 
at  pleasure,  hy  openiog  or  stopping  them  as  required. 


In  operating,  the  tubes  are  charged  at  their  upper  ends  with 
about  56  lbs.  of  native  ore.  Heat  is  then  applied,  and  in  an 
already  hot  fiimaee,  the  metal  will  b^n  to  flow  in  about  ten 
miautee,  at  a  heat  of  about  509°  F.  =  165°  C  A  small  rake 
is  then  introduced  by  the  doors  at  the  upper  ends,  b,  and  the 
ore  so  opened  below,  as  to  allow  of  a  free  passage  of  the  fluid 
metal  down  to  the  lower  end ;  thence  it  flows  into  the  iron  dishes, 
where  it  is  protected  from  the  oiidieing  action  of  the  air  by  a 
covering  of  powdered  charcoal.  When  the  whole  of  the  metal 
is  thus  fused  out,  which  will  generally  be  in  some  40  minutes, 
the  sihceouB  residue,  with  other  contained  metals,  is  raked  out 
by  the  upper  door,  and  allowed  to  shde  down  the  inchne  into  the 
water  below. 

These  furnaces  are  heated  at  Schneeberg  by  wood,  and  a  brisk 
but  well-r^ulated  draught  kept  up  during  distillation ;  the  holes 
in  the  roof  serving  to  direct  the  current  of  heat  to  each  retort 
Scheerer,  however,  heats  bismuth  liquation  tubes  by  means  of 
gas,  as  a  substitute  for  wood. 

Kerl*  states  that  at  Joaohimsthal,  VogI  treats  bismuth  ores, 
oontcuning  ftxim  10  to  30  per  cent  of  bismuth,  in  cmciblea     He 

*  Kerl,  Hondbaoh  der  MetalloTgUehen  battenkfliide,  vol.  ii.  pBge  S17. 
Crook'i  TransIalioD,  vol.  1.  pvge  51I. 
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powders  the  ore,  and  mixes  it  with  i8  per  oent  of  iron  in  small 
pieces ;  1 5  to  50  per  cent  of  Hodio  carbonate  (the  quantity  being 
dependent  upon  the  amount  of  ailiceouB  gangue),  5  per  oent  of 
hme,  and  ;  of  fluor-apar.  Cniciblea  of  23  inches  high  by  about 
16  inches  diameter,  are  filled  with  this  mixture,  and  heated  in  a 
wind  furnace,  stirred,  and  when  fused  the  contents  are  ladled  out 
into  sugar-loaf-ehaped  moulds.  The  bismuth  subsides  to  the 
bottom  of  the  moulds,  together  with  the  speiss,  consisting  of 
cobalt  and  nickel,  and  also  retaining  about  z  p»  oent  of  the 
bismuth. 

The  metal  obtained  by  these  prooeeees  is  not  however  pure,  it 
generally  contains  a  variable  proportion  of  ulver.  This  may  be 
separated  economically  by  cupellation,  just  as  in  the  case  of  diver 
lead  ;  and  the  oxide  of  bismuth  decomposed  again  by  a  reduction 
operation.  Indeed  bismuth  cupels  so  well,  that  it  may  be  used 
to  substitute  lead  for  that  operation  upon  the  small  scale. 

But  the  chief  impurities  of  commercial  bismuth  are  sulphar, 
traces  of  arsenic,  and  also  of  lead  and  iron.  If  lead,  iron,  and 
silver,  are  not  present,  the  two  former  impurities  are  easily  got 
rid  of  by  simply  fusing  the  bismuth  with  a  little  nitre,  when  they 
will  be  oxidized  and  separated.  But,  perhaps,  in  all  oases  the 
beat  method  of  purification  is  the  following : — 

Dissolve  the  crude  metal  in  nitric  acid,  and  then  oonoeutrate 
the  solution  by  evaporation.  Next  pour  the  dear  solution  into  a 
large  bullc  of  distilled  water.  It  will  be  thus  decomposed,  and  a 
white  sparkling  soluble  powder  falls,  which  is  a  basic  nitrate. 
This  is  t«  be  removed,  and  digested  for  a  time  in  a  little  oaustio 
potash,  whereby  any  arsenious  or  arsenic  acids  present  will  be 
dissolved.  Next  the  basic  nitrate  is  to  be  well  washed,  dried,  and 
heated  with  about  one-tenth  its  weight  of  charcoal  in  an  earthen 
crucible,  thus  the  salt  is  reduced,  and  the  bismuth  subudes  in  the 
pot  in  a  state  of  purity. 

Propertiet. — Bismuth  is  of  a  reddish  white  colour,  hard,  and 
readily  broken  up,  from  its  crystalline  structure.  It  crystalliua 
in  rhombohedra,  nearly  approaching  the  cube,  as  their  angles 
vaiy  very  little  from  right  angles.     These  may  be  formed  arti- 
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ficially  ia  beautifiil  maaeea,  by  melting  a  quantity  of  the  metal  in 
a  ladle  or  pot,  and  after  removing  it  into  some  glowing  coala,  or 
heated  sand,  allowing  the  bulk  to  cool  slowly;  and  in  order  to 
prevent  the  cooling  action  commencing  at  the  upper  aurfaoe,  the 
heat  of  tbiq  is  kept  up  by  coveriug  the  vessel  with  a  shallow  iron 
basin,  into  which  a  quantity  of  hot  fuel  ia  placed.  As  soon  as  a 
omat  of  metal  is  presumed  to  have  formed  round  the  aides  and 
top,  it  is  pierced  at  one  side  by  a  red-hot  iron,  and  the  remaining 
fluid  metal  poured  out.  If  then  when  cold  the  upper  covering  be 
sawn  off,  the  whole  interior  surfooe  will  be  found  to  have  ciya- 
talliied  in  moat  r^ular  forms  of  hollow  cubes  and  tetrahedra. 

Bismuth  fuses  at  $07°  F.  ^  264°  C.,  and  when  added  to 
other  metals  it  lowers  their  melting  points  in  an  extraordinary 
manner.  It  volatilizes  at  a  high  temperature,  and  may  even  fa« 
distilled,  although  with  some  diffioul^.  If  the  metal  be  exposed 
at  a  veiy  high  temperature,  it  bums  somewhat  like  zinc,  with  a 
blueiah  flame,  giving  off  fumes  of  yellow  oxide. 

At  ordinsry  temperatures  expoeure  to  air  does  not  affect  it ; 
but  at  a  red  heat  it  is  rapidly  oxidized,  and  hence  the  crystals 
formed,  as  deaoribed  above,  always  exhibit  a  beautiful  play  of 
colours,  dependent  upon  the  formation  of  a  thin  film  of  oxide,  by 
the  agency  of  the  air  upon  them  while  atill  hot.  Nitric  acid 
diasolves  the  metal  readily ;  sulphuric  acid  only  upon  boiling ; 
and  hydrochloric  acid  has  but  little  influence  on  it.  Its  specific 
gravity  varies  from  9'SSO  to  9799  aooording  to  its  condensation. 
But  pressure,  instead  of  increasing  its  density,  on  the  contrary 
lowers  the  specific  gravity,  no  doubt  by  diaintegrating  its  texture 
from  its  crystalline  condition.  Thus  Marchand  and  Soheerer  sub- 
mitted a  cylinder  to  powerful  pressure,  and  from  a  specific  gravity 
of  9799  reduced  it  to  9'$56.  It  expands  largely  on  cooling  aft«r 
"  fusion,  viz.  to  about  j^"*^  °^  increase  in  bulk.  Its  symbol  is  B^ ;  , 
atomic  weight,  2 1  o. 

There  are  three  oxides  of  bismuth.  The  first  is  a  seaqnioxide, 
or  teroxide,  and  is  the  base  of  the  salts  of  this  metal.  From  this 
an  arid  oxide  may  be  prepared,  scanetimes  called  biamuthio  acid, 
or  biamuthio  anhydride ;  and,  lastly,  these  two  oxides  unite  to 
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fonn  a  third ;  but  this  latter  may  perbapa  be  properly  regarded 
as  a  salt,  therein  an  atom  of  Besquioiide,  Bg  0^,  is  united  aa  base, 
with  an  atom  of  biemuthic  acid,  Bg  0„  as  the  acid  of  Uta  oom- 
bimition.     Its  composition  is  thus,  Bit  O4. 

The  ordinary  oxide  of  bismuth  of  commerce,  or  seaquioiide, 
may  be  prepared  in  the  dry  way,  by  heating  the  basic  nitrate 
(as  formed  for  the  preparation  of  pure  bismuth)  in  a  porcelain 
crucible  to  a  low  red  heat ;  thus  the  nitric  acid  is  driren  off,  and 
a  yellow  powder  remains,  which  is  anhydrous  seaquioiide. 

In  the  hydrated  state  this  oxide  is  a  white  powder,  and  may 
be  obtained  by  the  addition  of  ammonia  in  excess  to  a  solubLa 
salt  of  bismuth.  The  composition  of  the  anhydrous  oxide  is 
Bi,  Oj,  and-its  atomic  weight  468.  In  the  hydrous  oxide  this  is  in 
combination  with  onelproportional  of  water.  It  is  then  Bi,  Oj,  H,  0. 

Bismuthic  chloride  is  obtained  as  a  deliquescent  solid,  by 
distilling  two  parts  of  mercuric  chloride  with  one  of  bismuth  in 
powder.  It  is  volatile  and  fusible,  and  if  thrown  into  water  it 
decomposes,  and  the  result  is  an  ozychloride  of  bismuth  with 
hydrochloric  acid.  This  oxychloride  has  long  been  known  under 
the  name  of  pearl  white.  The  composition  of  bismuthic  chloride 
b  Bi  Clj  ;  atomic  weight,  316-;. 

There  is  a  sulphide  correeponding  te  the  sesquioiide.  It  is 
thrown  down  when  we  treat  a  solution  of  bismuth  with  dihydric  sul- 
phide, or  ammonio-hydric  sulphide ;  this  precipitate  when  washed 
and  dried  is  a  black  powder.  But  the  sulphide  may  be  formed  by 
fiising  the  proportions  of  sulphur  and  bismuth  together  in  a  covered 
crucible  ;  tiius  prepared  it  is  a  metallic-looking  solid  of  a  dark  grey 
colour.     Composition,  BifS, ;  atomic  weight,  ;i6. 

Alloj/t. — Bismuth  readily  amalgamates  with  merouty.  Thus, 
if  bismuth  is  fused,  and  then  twice  its  weight  of  hot  mercury  be 
added,  a  pasty  amalgam  is  obtained,  which  after  a  time  beoomes 
granular,  harder,  and  partly  orystalline.  Gmelin  states  that  as  a 
small  quantity  of  bismuth  diminishes  the  fluidity  of  mercury  very 
slightly,  it  is  used  to  adulterate  the  latter  ;  but  the  adulteration 
may  be  detected  by  shaking  the  mercury  with  air,  when  a  black 
powder  will  speedily  separate. 
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BiBtnutb  and  Bilver  when  faaed  togethet  in  equal  parts  form 
an  alloy  tending  to  the  red  colour  of  bismuth.  It  ia  veiy  brittle 
and  Boaly  in  texture,  and  may  be  cupelled,  trhereby  the  whole  of 
the  bismuth  will  be  separated  by  oxidation,  and  a  maas  of  pure 
ulver  left.  Bismuth  may  in  like  manner  be  separated  from  its 
alloy  with  gold. 

Bismuth  may  be  alloyed  with  platinum,  and  also  with  pal' 
ladium.  The  metals  being  readily  fused  together.  In  the  former 
case  one  part  of  [datinum  may  be  oombiued  with  two  of  bismuth, 
and  for  this  it  ia  better  to  uae  finely  divided  or  sponge  platinum. 
Palladium  may  be  combined  with  its  own  weight  of  bismuth.  In 
both  the  alloy  is  grey,  brittle,  and  easily  fusible. 

Bismuth  when  alloyed  with  lead  produces  an  aUoy  of  greater 
density  than  the  mean ;  and  if  the  fonner  be  added  in  small 
quantity  only,  the  lead  ia  rendered  more  tough,  but  without 
becoming  brittle ;  but  if  the  two  are  combined  in  equal  propor- 
tions, the  alloy  has  the  properties  of  bismuth,  viz.,  it  is  reddish  in 
colour,  and  brittle  and  laminar  in  texture. 

The  alloys  of  bismuth,  formed  with  lead  and  tin,  constituting 
Visible  metal  and  some  kinds  of  solders,  &o.,  are  the  more  import- 
ant ones,  and  will  be  described  under  the  article  Tin. 

Dettelvm  of  Bitmvth. — The  salts  of  this  metal  are  for  the  most 
part  devoid  of  oolour,  some  are  soluble,  others  insoluble,  the 
soluble  salts  redden  litmus  paper ;  and  when  the  water  is  in  con- 
siderable quantity,  and  contains  but  little  &ea  acid,  they  are  de- 
composed and  deposit  more  or  less  soluble  basic  or  aubsalts.  In 
the  case  of  the  basic  nitrate  so  formed,  it  is  slightly  soluble,  but 
the  basic  chloride,  ou  the  other  hand,  is  quite  insoluble.  The 
above  property  of  forming  subsalts  is  very  characteristic, 

Dihydric  sulphide,  or  ammonio-hydrio  sulphide,  throws  down 
a  black  sulphide,  insoluble  in  excess  of  these  precipitants.  This 
sulphide  is  decomposed,  and  dissolved  by  strong  boiling  nitric 
acid. 

The  alkalis,  potash,  soda,  or  ammonia,  throw  down  white 
hydrated  oxide.  Upon  boiling  this  precipitate,  it  becomes  yeUow. 
Potassio  chromate  throws  down  a  yellow  chromate  of  bismuth. 
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form  a  third ;  but  this  Utter  may  perhaps  be  properly  r^arded 
as  a  salt,  wherein  an  atom  of  sesquioxide,  Bt  Og,  is  united  as  base, 
with  an  atom  of  bismuthic  acid,  Bg  0^,  as  the  acid  of  the  com- 
bination.    Its  composition  is  thus.  Big  O4. 

The  ordinary  oxide  of  bismuth  of  commerce,  or  seaquiozide, 
may  be  prepared  in  the  dry  way,  by  heating  the  basic  nitrate 
(as  formed  for  the  preparation  of  pure  bismuth)  in  a  poroelain 
crucible  to  a  low  red  heat ;  thus  the  nitric  acid  is  driven  off,  and 
a  yellow  powder  remains,  which  is  anhydrous  sesquioiide. 

In  the  hydiated  state  this  oxide  is  a  white  powder,  and  may 
be  obtained  by  the  addition  of  ammonia  in  excess  to  a  soluble 
salt  of  bismuth.  The  composition  of  the  anhydrous  oxide  ia 
Bi,  Os,  and-its  atomic  weight  468.  In  the  hydrous  oxide  this  is  in 
combination  with  onejproportional  of  water.  It  is  then  Bi,  0„  H,  O. 

Bismuthic  chloride  is  obtained  as  a  deliquescent  solid,  by 
distilling  two  parts  of  mercuric  chloride  with  one  of  bismuth  in 
powder.  It  is  volatile  and  fusible,  and  if  thrown  into  wator  it 
decomposes,  and  the  result  is  an  oxychloride  of  bismuth  with 
hydrochloric  acid.  This  oxychloride  has  long  been  known  under 
the  name  of  pearl  white.  The  composition  of  bismuthic  chloride 
is  Bi  Clj  ;  atomic  weight,  316*5. 

There  is  a  sulphide  corresponding  to  the  eeaquioxide.  It  is 
thrown  down  when  we  treat  a  solution  of  bismuth  with  dihydric  sul- 
phide, or  ammonio-hydric  sulphide ;  this  precipitato  when  washed 
and  dried  is  a  black  powder.  But  the  sulphide  may  be  formed  hy 
fusing  the  proportions  of  sulphur  and  bismuth  together  in  a  covered 
cmoible  ;  thus  prepared  it  is  a  metallic-looking  solid  of  a  dark  grey 
colour.     Composition,  BigS, ;  atomic  weight,  ;i6. 

AUoj/i. — Bismuth  readily  amalgamates  with  mercury.  Thus, 
if  bismuth  is  fViBed,  and  then  twice  its  weight  of  hot  mercuiy  be 
added,  a  pasty  amalgam  is  obtained,  which  after  a  time  becomes 
granular,  harder,  and  partly  crystalline.  Gmelin  states  that  as  a 
small  quantity  of  bismuth  diminishes  the  fluidity  of  mercuty  very 
slightly,  it  is  used  to  adultorato  the  latter  ;  but  the  adulteration 
may  be  detected  by  shaking  the  mercmy  with  air,  when  a  black 
powder  will  speedily  separate. 
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Biamutli  and  silver  when  fiiaed  together  in  equal  parts  fonn 
aa  alloy  tending  to  the  red  colour  of  bismuth.  It  is  very  brittle 
and  Boaly  in  texture,  and  may  be  cupeUed,  whereby  the  whole  of 
the  bismuth  will  be  separated  by  oxidation,  and  a  mass  of  pure 
silver  left.  Bismuth  may  in  like  manner  be  separated  from  its 
alloy  with  gold. 

Bismuth  may  be  alloyed  with  platinum,  and  also  with  pal' 
ladium.  The  metals  being  readily  fused  tc^ether.  In  the  former 
cose  one  part  of  [Jatinum  may  be  Q<nnbined  with  two  of  bismuth, 
and  for  this  it  is  better  to  use  finely  divided  or  sponge  platinum. 
Palladium  may  be  oombined  with  its  own  weight  of  bismuth.  In 
both  the  alloy  is  grey,  brittle,  and  easily  fusible. 

Bismuth  when  alloyed  with  lead  produces  au  alloy  of  greater 
density  than  the  mean ;  and  if  the  former  be  added  in  small 
quantity  only,  the  lead  is  rendered  more  tough,  but  without 
becoming  brittle ;  but  if  the  two  are  combined  in  equal  propor- 
tions, the  alloy  has  the  properties  of  bismuUi,  viz.,  it  is  reddish  in 
colour,  and  brittle  and  laminar  in  texture. 

The  alloys  of  bismuth,  formed  with  lead  and  tin,  constituting 
fusible  metal  and  some  kinds  of  solders,  Ac,  are  the  more  import- 
ant ones,  and  will  be  described  under  the  article  Tin. 

Detection  of  Bitmvth. — The  salts  of  this  metal  are  for  the  most 
part  devoid  of  colour,  some  are  soluUe,  others  insoluble,  the 
soluble  salts  redden  litmus  paper ;  and  when  the  water  is  in  con- 
siderable quantity,  and  contains  but  little  free  acid,  they  are  de- 
composed and  deposit  more  or  less  soluble  basic  or  subtnlta.  In 
the  case  of  the  basic  nitrate  so  formed,  it  is  shgfatly  soluble,  but 
the  basic  chloride,  on  the  other  hand,  is  quite  insoluble.  The 
alxive  property  of  forming  subsalts  is  very  characteristic. 

Dihydric  sulphide,  or  ommonio-hydrio  sulphide,  throws  down 
a  black  sulphide,  insoluble  in  excess  of  these  precipitanta.  This 
sulphide  is  decomposed,  and  dissolved  by  strong  boiling  nitric 
acid. 

The  alkalis,  potash,  soda,  or  ammonia,  throw  down  white 
hjdiated  oxide.  Upon  boiling  this  precipitate,  it  becomes  yellow. 
Potaasic  ohromate  throws  down  a  yellow  chromate  of  bbniutb. 


The  nietaU,  lead,  tin,  copper,  iron,  or 
muth  in  the  metnUte  ffutAt.  And,  lastly, 
biamuth  with  sodic  carboimte  in  the  blow] 
get  a  bead  of  the  metal,  Burrounded  by  a 
This  may  again  be  distinguitihed  from  lea 
the  bead  under  the  haminer.  The  yelloi 
oiide,  and  is  of  a  deep  orange  colour  while  h 

Eftiviation  of  iwnutiA.— This  is  oommo 
precipitatiou  being  firat  effected  by  an  alka 
of  ammonia,  the  bixmuth  compound  hftTU 
solution  in  nitric  aoid  ;  for  this  precipitant  i 
to  a  bydrochloria  solution  of  tiie  metaL  II 
solution,  it  must  be  first  precipitated  by  i 
the  bismuthio  sulphide  sepai'st^d  and  oz 
strong  nitric  acid.  The  solution  is  diluted 
been  slightly  acidulated  with  acetic  or  niti 
the  precipitation  as  carboniitd  is  effected 
ezceas  of  ammnnic  carbonate,  then  heatii 
after  which  the  precipitate  ia  feparated  anc 
a  porcelain  crucible.  When  the  precipitate 
it  is  quit«  converted  into  sestiuioiide,  and 
8974  per  cent  of  the  whole  will  be  metal. 

In  nrp<.mifn*i,i^  a  bismuth  solution  by 
1  water  containinir  a  littl 
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and  then  precipitate  by  anunonio-hydrio  sul[^de.  In  either 
case  the  sulphide  cannot  be  weighed  to  obtiun  a  correct  result, 
as  it  is  apt  to  contain  &ee  sulphur,  oonaequently  the  filter  und 
its  contained  sulphide  are  treated  in  a  beaker  with  moderately 
strong  nitrio  aoid  and  heating,  as  already  deearibe<l. 

To  ensure  complete  precipitation  of  bismuth  by  ammonio  sea- 
qni-carbonate,  the  beaker  containing  the  solution  must  stand 
exposed  to  the  air  for  three  or  four  hours  in  a  warm  place,  because 
on  the  first  addition  of  the  ammonia  salt,  some  of  the  bismnthio 
carbonate  formed  is  re-diasolred,  but  by  this  exposure  it  will  again 
completely  separate. 

The  (uuklyais  of  a  mixture  of  bismuth  and  lead  is  made  by 
diasolving  the  alloy  in  nitric  acid.  Then  on  adding  to  this  an 
excess  of  caustic  potassa,  the  ozidee  of  lead  and  bismuth  wUl  be 
precipitated,  but  the  lead  oxide  is  at  onoe  re-dissolved  by  the 
alkali.  The  bismuth  oxide  is  to  be  filtered  out,  washed,  ignited, 
and  weighed. 

The  filtrate,  containing  the  lead,  may  next  be  treated  with 
excess  of  dihydrio  sulphide,  and  the  lead  sulphide  oonTerted  into 
sulphate,  as  described  at  page  340. 

The  method  just  given  may  serve  where  very  close  accuracy 
is  not  required,  but  for  cbser  results  a  good  method  is  given  by 
Ullgren.  He  precipitates  the  two  metals  as  carbonates,  and 
re-dis8olvea  these  in  acetic  acid.  Next,  a  plate  of  dean  lead  is 
carefully  weighed,  and  then  immersed  completely  in  the  solution, 
whiob  is  to  be  covered  up,  and  allowed  to  stand  for  some  hours. 
When  all  the  bismuth  has  been  thrown  down  in  the  metallic 
state,  the  lead  plate  is  to  be  again  carefully  weighed.  Next 
dissolve  the  precipitated  bismuth  in  nitric  acid,  and  re-precipitate 
by  amnionic  sesqui-carbonate,  as  already  described  for  its  es- 
timation. 

Lastly,  from  the  acetic  solution  throw  down  the  lead  by 
ammonic  sesqui-carbonate.  Dry,  ignite,  and  weigh  as  lead  oxide, 
but  from  this  must  be  deducted  an  amount  of  oxide  corresponding 
to  the  metallio  lead  which  was  dissolved  in  precipitating  the 


bismuth ;  the  remainder  is  the  weight  Gorresponding  to  the  lead 
in  the  sample  uuder  analysis. 

The  analysis  of  aa  alloy  of  bismuth  and  copper  may  be  made 
aa  follows : — The  solution  of  a  weighed  quantity  being  effected  in 
nitric  acid,  and  any  great  excess  of  the  latter  neutralized  by 
ammonia,  a  considerable  quantity  of  sodic  chloride  is  added,  and 
after  it  a  large  bulk  of  water.  Let  it  stand  till  dear,  and  then  teat 
with  a  little  more  water  whether  any  turbidity  is  produced  by  it ; 
if  so,  add  water  till  all  the  bismuth  is  thrown  down  as  ba^o 
chloride.  Next  separate  it,  waah  and  dry,  and  then  reduce  it  by 
potassio  cyanide,  for  which  purpose  the  precipitate  is  fused  in 
a  porcelain  crucible  with  about  five  tiihes  its  weight  of  the  latter. 
From  the  cooled  fused  moss,  the  grains  of  bismuth  are  separated 
by  treatment  with  water  ;  they  are  then  quickly  washed,  first  with 
water,  and  next  with  alcohol,  dried  and  weighed. 

The  copper  may  then  be  precipitated  by  dihydric  sulphide,  and 
estimated  as  directed  in  the  article  upon  Copper.  The  analysis  of 
'  fiisible  metab '  will  be  given  after  the  consideration  of  Cadmium 
and  Tin. 


CHAPTER  XIII. 


Althodgb  .ores  of  copper  were  probably  aa  early,  or  earlier  known 
than  tboee  of  any  other  metal,  it  is  likely  that  the  production  of 
the  true  metal  is  an  operation  of  comparatively  recent  date,  and 
that  in  the  smelting  of  ancient  times  ziao  or  its  ores  were  associated 
with  the  copper  ores,  and  so  the  product  was  actually  brass,  or,  in 
some  oases  bronie,  where  any  tin  was  employed.  Thus,  in  the 
Bible,  we  read  of  'a  land  out  of  whose  hills  thou  mayeat  d^ 
brass.' 

ComwaU  and  Swansea  are  now  the  great  producing  localities 
of  this  metal,  but  much  ore  is  sent  from  Australia  as  rich  car- 
bonates, containing,  on  an  average,  about  30  per  cent  of  copper. 
North  America,  Siberia,  and  the  Ural  district  furnish  copper ;  the 
two  former  largely  aa  natJve  copper,  the  latter  as  a  aubeulphide. 
Ores  from  Chili  and  Cuba  are  also  brought  to  Swansea  for  smelt- 
ing ;  and,  lastly.  Saxony  and  Spain  ftimish  copper  ores. 

The  ores  of  copper  are  as  follows : — 

1st.  Native  copper,  found  at  times  in  immense  masses,  so  that 
we  have  authentio  accounts  of  large  flattened  masses  being  found 
in  the  neighbourhood  of  Lake  Superior  (N.  America),  of  1 4  to  ■  S 
cwt.  in  weight.  A  broad,  thin,  and  compact  piece  of  14  cwt.  is 
described  as  42  inches  long  by  30  broad  and  8  thick,  and  having 
its  surface  covered  with  specks  of  silver.  Phillips  states  that 
masses  of  no  leas  than  150  tons  weight  have  been  found  here; 
and  there  is  a  record  of  one  found  at  Minnesota  in  1854,  which 
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veig^ed  500  tons.  Native  copper  is  also  found  in  considerable 
quantity  in  Peru  and  Chili  as  ctopper  aand  or  barilla,  mixed  with 
quartzose  sand,  but  averaging  as  much  as  80  per  cent  copper. 

Native  copper  in  America  is  found  in  alluvial  soils ;  and  it  ii 
nov  a  received  opinion  that  these  masses,  which,  like  gold  uuggets, 
have  all  the  appearance  of  having  been  at  some  time  in  fusion, 
may  rather  have  been  formed  by  electro-ehemical  agency,  the 
cupric  sulphide  on  exposure  to  moist  air  becoming  sulphate,  which 
by  this  electric  decomposition  is  reduced  to  the  reguline  state. 

2nd.  The  moat  common  of  all  copper  ores  is  perhape  the 
ordinary  copper  pyrites,  the  German  Kupferkies,  from  which  five- 
sixths  of  the  copper  in  Great  Britain  are  obtained.  This  is  a 
natural  combination  of  the  sulphides  of  oopper  and  iion,  having 
usually  the  composition  Cu*  S,  Fet  S,.  It  should  contain  34-4  per 
cent  copper.  But  in  the  general  its  average  of  copper  is  i  z  per 
cent,  down  even  to  6.  It  contains  a  considerable  percentage  of 
arsenical  pyrites,  and  also  of  stannic  oxide.  It  has  a  brassy 
colour,  and  an  average  specific  gravity  of  4'2.  It  occurs  in 
primitive  rocks,  and  especially  in  clay  shite, 

3rd.  A  sulphide  called  purple  copper,  or  variegated  ore,  the 
German  Buntkupfererz.  This  has  the  formula  3  Cuf  S,  Fet  S3, 
and  contains  56  per  cent  copper. 

4th.  Subsiilphide,  or  copper  glance,  Cu*  S  =  79  per  cent 
oopper. 

5th.  Indigo  copper  ore  found  tn  Chili,  Cu  S ;  this  contains  66 
per  cent  copper. 

With  these  sulphides  may  be  mentioned,  although  it  can 
hardly  be  called  an  ore  of  copper,  silver  copper  glance.  This  is 
found  in  Siberia.  It  is  Cu,  S  +  Ag  S,  and  contains  as  much  as 
53  per  cent  silver,  with  3 1  of  copper. 

6th.  Grey  copper,  or  German  Fahlerz,  is  of  a  grey  colour, 
and  valuable  from  the  silver  it  contains.  It  should  contain  about 
48  per  cent  copper.  But  this  varies  much,  as  it  is  associated  with 
varying  quantities  of  antimony,  anenic,  zinc,  and  iron.  It  occa- 
uonally  contains  gold,  and  more  rarely  platinum.  The  amount 
of  silver  also  is  very  variable.    S.  0. 4'6  to  6'o. 
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7tlL  The  blue  aad  greeo  carboDates  are  the  ores  of  Australia, 
and  the  beautiful  Russian  mineral  known  as  malachite  is  a  greea 
carbonate.  This  faaa  a  composition  Cu  0,  H,  0,  Cu  Coj,  and 
contains  57  per  cent  copper;  its  specific  graTity  is  3*;  to  4*0. 
Ab  well  ss  in  South  AuBtraha,  it  is  found  largely  in  the  Ural ; 
also  in  South  America. 

The  blue  carbonate,  which  is  sometimes  called  Azurite,  or 
Chessylite  (from  Chess;,  in  Bohemia)  has  the  formula  Cu  O, 
iZiMe^^O,  1  Capy  Itoontains  J  J  percent  oopper;  specific  gravity, 
'3-2  to  3-6.* 

8th.  Silicate  of  copper  occnrs  in  large  quantities  in  the  UraL 

9tb.  Rod  and  black  oxides  are  found  ;  the  first,  containing  88, 
and  the  latter  80  per  cent  copper. 

About  3S  per  cent  of  all  British  copper  is  supplied  by  the 
mines  of  Cornwall,  but  the  great  smelting-works  are  at  Swansea. 
Indeed,  out  of  nineteen  in  operation  in  this  country,  seventeen 
are  situated  at  Swansea;  and  so  eitensive  are  these,  that  the 
atmosphere  for  some  miles  round  is  thoroughly  impregnated  with 
the  noxious  fumes  erolved.  They  produce  annually  uear  to,ooo 
tons  of  copper. 

Previous  to  smelting  an  ore,  it  is  most  important  to  have  a 
coireot  assay  of  its  value ;  and  for  this  purpose,  although  many 
excellent  wet  methods  have  been  devised  as  substitutes  for  the 
dry,  because  this,  although  simple,  is  a  tedious  operation,  requiring 
much  experience  in  the  practice ;  yet  smelters  prefer  and  retain 
the  latter  as  more  assimilating  the  after  actual  reducing  opera- 
tions upon  the  ora 

The  Cornish  method  is  practised  in  a  small  wind  furnace, 
sometimes  made  with  a  fire  body  of  sufGcient  sixe  to  work  four 
crucibles  at  one  operation  ;  but  the  work  is  performed  by  several 
stages. 

The  quantity  of  ore  taken  is  determined  by  its  richaess,  and 
varies  from  one  to  four  hundred  grains  in  weight.  It  is  previously 
powdered,  and  sometimee  has  a  preliminary  roasting.  A  weighed 
quanti^  is  mixed  with  about  twioe  its  weight  of  a  flux  composed 
of  about  equal  weights  of  lime,  borax,  powdered  glass,  and  calcic 


til.'  -h.MSV  .-hlLI  is  LTUL'kt^l  iiiui  ivii^kivd  <:-., 
done  (with  ciire,  uot  to  loae  iiii^'  of  tliu  liritt 
powdered  aod  then  roasted,  so  a^  further  ' 
Dontents.  For  this  it  is  carefully  kept  fk 
evolution  assisted  by  stirriug  during  the 
operation. 

When  the  roasting  is  complettd,  the  n 
crucible,  mixed  with  a  flux  composed  of  ar] 
The  cnicible  is  then  heated  until  the  coppe 
slag  formed. 

Lastly,  the  button  of  ooarse  metal  b  Bep< 
throning  it  into  a  red-hot  crucible,  and  tt 
quantity  of  white  flm. 

Again,  after  separating  from  the  slag,  th' 
weighing,  and  the  amount  uf  copper  is  thus  u 

The  first  or  roasting  operation  occupies 
30  minutes  ;  the  roasting  of  the  re^ua,  a  qi 
30  minutes  ;  the  reduction,  another  lo  to  i] 
refining,  j  to  lo  minutes, 

There  are   several   good    wet   methods  ol 

First  of  these,  Parkoa  employs  a  Bolation  of 

having  the  property  of  decolorizing  any  sola 

uaeiy  blue  by  the  addition  of 
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potassic  cjanide  to  the  looo  of  water;  and  of  thia,  which  is 
somewhat  stronger,  about  950  grains,  equal  to  of  copper. 

In  testing  it,  this  weight  of  pure  copper  is  dissolved  in  a 
small  quantity  of  nitric  acid  in  a  lo-oz.  flask ;  and  when  nitrous 
fumes  are  all  driven  out  by  heating  after  action  has  oenaed, 
wat«r  is  added  so  as  about  to  half-fill  the  flask.  Next  an  excess 
of  ammonia  solution,  and  then  the  whole  allowed  to  cool. 

A  Mohr's  burette,  graduated  to  contain  1000  grains  in 
5-grain  divisions  (or  100  cubic  centimetres,  proportionally  divided 
may  be  used),  and  fitted  either  with  a  glass  cock  formed  in  the 
tube,  or  with  a  piece  of  caoutchouc  tube  for  closing  by  an  ordinary 
pinch-cock,  is  filled  with  the  cyanide  solution  to  its  aero  line. 
The  whole  ia  mounted,  so  as  to  allow  of  the  assay-flask  being 
brought  under  its  tip.  The  solution  is  now  run  in  by  degrees, 
observing  between  each  addition  the  decrease  of  colour,  and  at 
last  working  cautiously  until  a  point  is  arrived  at  when  the  blue 
has  very  jiearly  disappeared.  It  is  then  allowed  to  stand,  when, 
in  about  half  an  hour,  all  tint  of  blue  will  have  disappeared,  and 
the  whole  will  be  colourless.  The  amount  of  cyanide  used  is  now 
observed,  and  its  decolorizing  value  noted;  but  this  should 
always  be  determined  by  taking  the  mean  of  two  or  three  of 
these  trials. 

The  actual  assay  is  carried  out  in  precisely  similar  manner, 
modified,  hoirever,  by  the  presence  of  gangue,  and  associated 
metals  in  the  ore. 

The  weighed  portion  for  assay  is  put  into  a  small  flask, 
moistened  with  a  little  sulphuric  acid,  and  then  treated  with 
sufficient  strong  nitric  for  solution.  When  action  ceases,  and 
fumes  are  no  longer  evolved,  it  ia  diluted  and  heated  up  agvn  ; 
after  which  the  solution  is  poured  into  the  large  assay-flask,  the 
residual  gangue  washed,  and  the  washings  added,  and  the  whole 
quantity  made  up  to  about  10  to  15  ounces.  Excess  of  ammonia 
is  then  added ;  this  precipitates  a  quantity  of  hydrated  oxide 
of  iron,  and  as  this  is  very  retentive  of  the  fluid  in  which  it  is 
precipitated,  it  is  allowed  to  remain  in  the  solution  during  the 
assay,  for  if  filtered  oat  it  would  retain  much  copper  solution. 


n-ijuiivi!  iu  tliis  iis.s,,_v  .,f  „,v.  TliL- 
theu  gut  iit  by  u  siiiiplu  qiieatioii  o 
Aa  9^^  :  600  ; 
Silver,  rino,  ci>!)<alt,  and  nickt 
Bilver  IB,  however,  uaaily  removed  I 
filtering  out  the  yhioride. 

The  cytitiido  solution  ia  somen 
care  ;  but  if  kept  stoppered  up  atw 
it  is  very  permanent. 

For  full  details  upon  this  and  t! 
is  referred  to  Percy's  Afetnllurgy, 
there  of  this  wet  operation,  he  sayj 
means  of  atandai-d  solutions  at  pn 
best  adapted,  and  most  direct  for 
presence  of  iron  doea  aot  interfere 
greater  number  of  inst*ncos  filtmtic 
other  methods,  it  requirea  to  be  akil 
in  Pelouze'a  metliod  he  emploj 
one  of  disodio  sulphiae.  The  coj 
Parkea's,  and  ammonir.  added,  and 
is  kept  at  a.  boiling  temperature,  ai 
*''"°  *'"  "^mplete. 
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next  potaesic  iodide,  both  in  eicees.  In  thiB  way  the  copper  is 
converted  into  a  subiodide,  and  some  iodine  is  set  free ;  when  a 
few  drops  of  starch  added  will  colour  this  deep  blue. 

The  estimation  is  then  made  by  ascertaining  the  quantity  of 
iodine  so  set  free,  by  means  of  a  standard  solution  of  sodic  hypo- 
sulphite, which,  by  oxidizing  the  iodine,  destroys  the  blue  tinge  it 
has  derived  from  the  starch.  This  standard  solution  is  made  and 
verified  by  a  known  weight  of  some  pure  copper,  treated  in  the  same 
way  as  in  the  ore  operations  subsequently  to  be  carried  out. 

RedvcUon  of  Metallic  Copper  from  iti  Ores.  —  Of  the  several 
processes  that  carried  on  at  Swansea  may  be  first  described  as 
most  important.  The  principal  ore  worked  there  is  copper  pyrites, 
but  other  and  richer  ores  are  worked  in,  and  reduced  at  fit  stag« 
of  the  operation.  The  calcining  operations  to  which  the  ore  is 
subjected,  not  only  drive  off  much  sulphur  and  volatile  impurities, 
but  they  have  the  effect  of  oxidizing  the  iron,  which  has  a  much 
greater  affinity  for  oxygen  than  the  copper  has ;  and  further,  in 
presence  of  siliceous  matters,  this  oxidation  is  yet  more  readily 
effected,  the  iron  oxide  with  them  producing  scorite,  which  sepa- 
rate from  the  matts  formed,  and  leave  the  latter  richer  in  copper 
just  in  proportion  as  the  iron  is  thus  withdrawn.  These  opera- 
tions are  carried  on,  the  copper  retaining  its  sulphur,  while  the 
iron  is  separated  by  degrees.  At  last  the  copper  sulphide  is  partly 
reduced,  copper  disulpbide  being  formed,  and  then  some  copper 
becoming  oxidized,  they  react  on  each  other,  and  impure  or 
blistered  copper  is  reduced,  which,  by  refining  operations,  has  its 
remaining  impurities  separated  and  is  rendered  malleable. 

The  first  calcining  operation  upon  the  ore  is  performed  in  a 
large  reverberatory  furnace  whose  bed  is  formed  by  refractory 
bricks  set  in  fire-clay,  and  large  enough  to  contain  about  three  tons 
of  ore,  the  bed  being  about  f6  ft.  by  13  ft.  6  inches.  The  fuel 
used  at  Swansea  is  anthracite  coal,  but  mixed  with  about  a  quarter 
of  its  weight  of  some  bituminous  coal,  and  the  supply  of  air  is  so 
regulated,  as  that  the  carbonic  oxide  formed  during  combustion 
shall  itself  be  burned  in  passing  over  the  ore,  and  thus  afford  tlie 
flame  needed. 


The  ore  U  wheeled  on  to  the  top  of  the  crown  or  arch  in 
biUTows,  and  then  thrown  in  bj  the  hoppers,  a  a,  after  which  it  ia 


Fig.  76. 

raked  evenly  over  the  hed.  The  fire  is  next  raiaed  to  a  moderate 
temperature,  and  then  maintained  at  this  for  some  eight  boura  or 
more,  care  being  used  that  it  is  not  sufficiently  high  to  fuse  the 
surface,  and  so,  by  caking  the  mass,  stop  the  evolution  of  volatile 
mattcTB,  At  the  end  of  two  hours,  during  which  much  watery 
vapour  and  sulphurous  anhydride  are  given  off,  the  surface  ia 
furrowed  afresh ;  and  this  is  dune  every  two  hours,  and  fresh  fuel 
added,  until  as  much  of  the  volatile  matters  aa  possible  has  been 
dissipated.  For  this  object  twelve  hours  will  generally  be  requi- 
site, when  the  fire  is  ui^:ed,  and  afterwards  the  doors  in  the  bed 
opened,  and  the  charge  raked  into  the  vault,  b  —  a  ijiost  unwhole- 
some operation,  the  workmen  being  exposed  to  sulphurous  and 
often  arsenical  vapoure.  The  furnace  ia  not  allowed  to  cool  down, 
but  a  fresh  charge  introduced  at  once. 

The  noxious  eliminations  which  throughout  the  whole  calcina- 
tion are  passing  from  the  furnace  are  chiefly  arsenical  vapours 
and  sulphurous  anhydride,  but  there  are  also  volatile  fluorine 
compounds,  together  with  carbonic  acid  and  watery  vapour  given 
off.  In  consequence  of  the  injurious  character  of  these  fumes 
upon  surrounding  vegetation,  &c.,  many  plana  have  been  devised 
for  condensing  or  diffusing  them  by  long  shafts,  condensing  cham- 
bers, &c.,  but  many  have  been  tried  and  set  aside.     Of  late,  how- 
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ever,  the  sulphur  separated  from  the  ore  as  eulphurous  anhydride 
haa  been  doubly  utilized.  Firet,  by  the  sulphur  being  ao  burned 
&8  to  Berve  as  ao  much  fuel  for  the  calciaiug  operation;  and, 
secondly,  by  being  brought  into  the  condition  of  aulphuroua  aoid, 
it  is  next  carried  into  leaden  chambers,  and  there  converted  into 
sulphuric.  For  this,  Oeratenbofer  has  devised  a  furnace  wherein 
the  co&raely  powdered  ore  is  passed  into  it  continuously,  and  cornea 
in  contact  with  bricka  heated  to  a  temperature  sufficient  to  io- 
flame  the  sulphur,  the  necessary  air  being  thrown  in  also  in  a 
heated  state.  The  evolved  sulphurous  acid  being  subsequently 
converted,  as  above  stated,  into  sulphuric. 

The  second  operation  is  performed  in  a  somewhat  similar  fur- 
nace, called  the  ore  furnace.  The  object  is  to  separate  the  iron 
(which  has  been  oxidized  in  the  calcining  operation)  as  a  silicate, 
and  convert  the  copper  into  a  disulphide,  containing  some  oxide  of 


copper,     tf  the  ore  contained  a  sofficient  quantity  of  silica,  it 
would  be  used  alone,  otherwise  some  slag  of  other  operations  is 
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added  to  furnish  what  ia  required.  Mao,  a  email  proportion  of 
other  crude  ores,  such  as  oxides  or  carbonates  which  are  tolerably 
free  from  eulphides.  A  mixture  is  thus  made  of  about  Heveuteen 
hundredweight  of  calcined  ore,  with  two  and  a  half  of  slags,  with 
some  fiuor  spar  added ;  next,  three  and  a  half  of  slags  derived  from 
some  of  the  accessory  operations  named,  and  three  hundredweight 
of  the  above  crude  ores.  In  all,  a  charge  of  little  more  than  a  ton 
and  a  quart«r. 

The  bed,  a,  of  the  ore  furnace  (fig.  77)  ia  formed  into  a  deep  de- 
perssion  at  one  aide,  from  which  a  channel,  B,  flows  to  a  water-tank,  c. 
This  latter  is  provided  with  a  cage  and  windlass  for  raimng  the 
matters  sunk  in  it.  At  the  back  is  an  opening,  d,  for  working  the 
chsige,  and  allowing  the  slag  to  flow  out  into  the  moulds,  kerb. 

A  side  view  of  this  furnace  is  here  given,  showing  the  granu- 
Jating  tank  and  apparatus  for  retaining  and  raising  the  matt.  It 
is  about  one-third  the  size  of  the  calciner. 


The  ore  being  oharged  in,  it  is  gradually  heated  for  about  three 
hours  and  a  half,  till  fusion  oommences.  The  heat  is  nuunt^ed 
for  another  half-bonr,    after    which   the   fiimace   man   stiia  the 
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materioU  and  rakes  any  unfused  portions  into  the  general  mass. 
Ab  fuaioQ  progresses,  it  is  agitated  by  tbe  escape  of  sulphurous 
anhydride  due  to  the  decompOBition  of  the  remaining  sulphide  of 
iron,  which  latter,  by  taking  oxygen  and  silica,  forms  ferrous  sili- 
cate. Any  cupric  oxide  present  in  the  ore  would  similarly  have  a 
tendency  to  combine  with  silica  and  pass  into  slags,  hut  for  the 
presence  of  this  sulphide  of  iron,  which  takes  the  oxygen  needed 
from  the  cuprio  oxide,  the  latter  entering  into  the  condition  of 
sulphide  at  the  same  time,  by  means  of  sulphur  derived  from  the 
iron  sulphide. 

The  fire  is  now  urged  to  get  the  charge  well  liquid,  so  that  the 
matt  formed  may  sulwide  through  the  sleg ;  then,  at  the  end  of 
^mut  five  hours  altogether,  the  tap-hole  is  opened,  and  the  matt 
or  fused  '  coarse  metal '  allowed  to  flow  into  the  tank,  by  which  it 
is  granulated.  Next,  the  slag  is  drawn  out  iuto  the  moulds 
placed  at  the  back,  and  any  copper  contained  in  this  slag  subsides 
and  collects  at  the  bottom ;  hence  the  cakes,  on  being  removed 
from  the  moulds,  are  broken  so  as  to  separate  the  actual  slag,  the 
metal  so  recovered  being  added  to  that  raised  from  the  tank. 
The  slag  is  chiefly  silicate  of  iron,  and  the  chemical  changes  of  this 
operation  consist  mainly  in  the  formation  of  this,  with  accom- 
panying evolution  of  sulphurous  and  sulphuric  acids.  The  matt 
contains  about  33  per  cent  copper. 

After  the  first  or  calcining  operation  upon  the  ore,  the  products 
of  all  others  are  termed  '  metal,'  but  it  is  not  until  ihe  completion 
of  the  fifth  has  been  carried  out  that  the  copper  is  free  from  other 
elements,  and  really  metallic  The  matt  of  granulated  '  coarse 
metal '  is  next  raised  from  the  tank  and  dried ;  and  a  third  opera- 
tion is  now  commenced,  in  a  ftimaco  very  much  resembling  the 
calcining  one.  It  consists  in  roasting  the  granulated  coarse  metal 
for  a  period  of  twenty-four  to  thirty-six  hours,  at  a  high  tempera- 
tiire,  commencing  with  a  moderate  one,  and  gradually  raising  it  so 
aa  not  to  fuse  the  charge.  More  sulphur  is  thus  got  rid  of,  and 
some  of  the  iron  sulphide  oxidized,  which  is  easily  efiected  now 
that  much  of  the  earthy  matters  is  removed  from  the  materials 
in  the  form  of  slag.     About  three  tons  are  operated  upon,  and  it 


is  raked  every  two  hours  or  so;  and  this  is  a  part  of  the  work 
needing  to  be  carefiJly  carried  out,  in  order  to  ensure  decom- 
position of  the  sulphur  compounds. 

The  operation  completed,  the  product  will  be  a  compact,  black- 
ish, friable  mass,  called  '  calcined  coarse  metal,'  and  consisting  of 
sulphide  of  copper,  oxide  of  iron,  and  some  yet  unchanged  sulphide 
of  iron  remaining. 

The  fourth  operation  is  for  the  conversion  of  this  into  '  whitd 
or  fine  metal.'  For  this  the  last  product  is  mixed  with  rich  ore, 
ooataioing  sulphide  and  oxide  of  copper  and  silica,  with  but  little 
sulphide  of  iron.  The  object  ia  to  remove  the  remaining  sulphide 
of  iron  by  converting  it  into  oxide,  for  which  purpose  the  oxide  of 
copper  in  the  added  ores  furnishes  oxygen,  and  the  silica  then 
combining  with  this  oxide  of  iron  a  slag  of  silicate  of  iron  results, 
and  at  the  same  time  the  whole  of  the  oopper  becomes  cupreous 
sulphide,  or  Gug  S.  A  furnace  very  similar  to  the  second  one  is 
used,  but  with  a  flat  bed  sloping  towards  a  tap-hole.  The  chai^ 
of  a  little  more  than  i }  ton  is  mixed,  as  above  stated,  to  which 
are  added  some  scorite  from  the  fifth  and  sixth,  or  refining  opera- 
tion, proportioned  according  to  the  Judgment  of  the  operator. 
If  correct  in  these  proportions,  the  resulting  product  will  be 
'white  metal'  Should  he  have  used  a  deficient  quantity  of 
oxidized  copper  compounds,  the  product  will  retain  a  quantity  of 
iron,  and  is  then  called,  from  its  colour,  'blue  metat'  If,  on  the 
other  hand,  he  has  had  an  excess  of  them,  some  copper  will  be 
reduced,  and  the  product  will  be  reddish  in  colour,  and  covered 
with  small  elevations,  caused  by  the  evolution  of  sulphurous  an- 
hydride.    In  this  latter  case  the  product  will  be  '  pimple  metal.' 

The  mtxtiu-e  having  been  made  as  before  stated,  it  is  spread 
over  the  bed  of  the  furnace.  The  doors  are  well  closed,  and 
fusion  commences  in  about  an  hour,  and  in  from  three  to  four 
hours  the  whole  is  rabbled,  and  the  unfused  portions  stirred  into 
the  bath.  The  heat  is  raised  so  as  to  briug  the  whole  into  a 
thoroughly  liquid  state,  and  at  the  end  of  about  six  hours  the 
reaction  will  be  completed.  The  tap-hole  is  now  opened,  the 
charge  run  out,  and  the  matt  so  obtained  cast  into  pigs.     These 
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(if  the  four  operations  have  been  well  carried  out)  will  contain,  in 
loo  parts,  Ca  73,  Fe  6';,  S  zo-$.  The  richer  portion  of  them  is 
contained  on  the  npper  part  of  the  pig,  and  ia  sometimes  sold  as 
'  best  selected  copper'  at  the  market  sales. 

The  Bcorite  or  alag  flows  out  after  the  matt;  this  is  chiefiy 
Bilicate  of  iron,  but  retaining  some  copper  which  has  to  be 
recovered. 

The  next  four  operations  have  been  mentioned  as  collateral 
ones,  for  they  are  not  practised  upon  the  product  last  described, 
but  upon  the  slags  collected,  to  which  rich  foreign  ores  are 
frequently  added ;  the  details  of  these  may  therefore  be  passed 

The  fifth  operation  (if  we  do  not  enumerate  the  above  four)  is 
for  the  purpose  of  getting  rid  of  the  sulphur,  and  producing 
'blistered  copper.'  Some  3)  tons  of  pigs  are  piled  upon  the  bed 
of  a  reverberatoiy  furnace,  the  openings  closed,  and  quick  fire  got 
up,  to  which  the  matt  is  exposed  for  about  foiu-  hours.  At  first 
both  the  surface  oopper  and  sulphur  of  the  metallic  mass  are 
oxidised  ;  and  it  is  now  one  object  of  the  operation  to  get  a  por- 
tion of  the  copper  converted  into  oxide ;  when  it  is  effected  the 
heat  IB  raised,  and  now  after  a  time  the  pigB  fuse,  and  then  a  most 
violent  reaction  of  oxide  of  oopper  upon  the  sulphide  takes  place, 
and  the  molten  mass  quite  boils  from  the  evolution  of  sulphurous 
anhydride,  formed  by  union  of  the  oxygen  with  the  sulphur,  the 
heat  is  therefore  lowered,  and  the  metal  left  to  itself  for  a  while, 
in  order  to  give  time  for  the  reaction  talcing  place.  A  crust  forma 
upon  the  surface,  and  this  swelling  and  bursting,  to  allow  of  the 
escape  of  gases,  which  goes  on  for  some  ten  or  twelve  hours,  stirs 
and  breaks  up  the  charge  epontaneously,  and  much  better  than  it 
could  be  effected  by  any  mechanical  means.  Evolution  of  gas 
ceasing,  the  fire  is  again  urged  to  a  brisk  red  heat,  when  it  will  be 
again  set  up,  aud  at  the  expiration  of  a  further  six  hours  or  so  the 
chief  part  of  it  will  have  been  driven  off ;  the  heat  is  then  raised 
to  the  highest,  and  the  fiision  of  the  whole  mass,  effected  by  this, 
brings  about  the  union  of  the  remaining  metallic  oxides  with 
silica,  but  at  the  same  time  any  oxide  of  copper  remaining  unde- 
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composed  is  also  loat  to  the  present  produot,  hy  uniting  witli 
silica ;  but  it  thua  forms  a.  nuoria.  or  sing,  which  ia  retained,  and 
worked  for  recovei^  of  this  metal  as  part  of  the  charge  in  the 
fourth  operation.  The  tap-hole  of  the  furnace  is  then  opened, 
and  the  reduced  copper  run  off  from  the  silicates,  which  are  left  aa 
slags.  The  copper,  running  into  moulds,  constitutes  blistered 
copper,  so  called  from  the  cavities  which  it  exhibits  on  fracture ; 
its  colour  is  of  a  deep  red,  due  to  the  presence  of  small  amounts 
of  retained  impurities,  as  traces  of  sulphur,  arsenic,  iron,  and 
some  other  metallic  matters  ;  hence  it  is  wanting  in  tenacity, 
and  requires  yet  a  final  operation  for  its  refining. 

In  refining  or  toughening  copper,  a  chai^  of  about  eight  tons 
is  operated  upon  at  once,  the  process  being  carried  out  in  a 
reverberatory  having  a  large  grate,  so  as  to  allow  of  the  use  of  a 
very  large  body  of  fuel  By  means  of  a  tool  resembling  n  baker's 
'  peel,'  the  ingots  of  blistered  copper  are  introduced  into  the  body 
of  the  fiimace,  and  they  are  arranged  in  such  a  manner  as  to 
expose  as  much  as  possible  of  their  surface  to  the  action  of  the 
flame,  as  also  to  admit  of  free  circuliition  of  air  over  them,  and  in 
order  to  prolong  this  atmospheric  action  upon  them  while  in  the 
solid  condition  the  heat  is  kept  at  a  moderate  degree,  their  some- 
what porous  condition  allowing  of  oxidation  of  impurities  taking 
place  in  the  substance  of  the  ingota.  After  about  six  hours  of 
this  roasting  the  heat  ia  raised  and  the  metal  begins  to  melt,  and, 
when  melted,,a  quantity  of  oxide  of  copper  is  formed,  which  will 
be  partly  diffused  through  the  melted  mass,  while  another  part 
will  go  to  oxidize  any  iron  which  may  chance  to  be  still  remaining 
in  it.  The  evidence  of  the  presence  of  oxide  still  in  the  metal 
is  afforded  by  taking  out  a  portion,  and,  when  cool,  breaking  it, 
when  it  will  be  found  to  he  still  of  a  very  coarse  brittle  texture, 
and  its  bright  red  colour  very  much  darkened  by  the  oxide,  and 
the  copper  is  thus  said  to  be  'dry.'  From  examination  of  the 
copper  in  this  condition  the  refiner  judges  of  the  amount  of 
poling  needed  to  bring  the  metal  to  '  tough  pitch.'  After  about 
eighteen  hours,  any  oxides  remaining  will  have  united  with  the 
silica  furnished  by  the  sand  adherent  to  the  ingots.     The  heat 
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ia  theu  kept  tip  for  some  two  or  three  hoim  loi^r ;  after  which' 
the  Bcorin  itre  raked  off  the  bath,  and  the  metal  is  said  to  be 
read}*  for  refining.  The  separated  acorieB  are  worked  again  to 
separate  any  copper,  and  in  the  fourth  operation.  The  refining 
operation,  haTing  for  its  object  the  reduction  of  the  diffused  oxide 
of  copper  above  mentioned,  is  effected  as  follows:  — 

The  surface  of  the  bath  is  first  covered  with  powdered  cbarooal 
or  anthracite,  so  aa  to  protect  it  as  much  as  poesible  from  the 
action  of  the  air,  and  at  the  same  time  to  famish  material  for  the 
withdrawal  of  oxygen.  Next,  in  order  to  bring  all  the  metal 
under  the  influence  of  the  carbon,  it  is  Tigorously  stirred  with 
poles  of  green  birch-wood,  the  fire  at  the  same  time  being  shut  oS* 
from  it.  This  is  a  very  old  praotice,  but  one  which  has  not 
hitherto  been  superseded  ;  it  is  oaUed  poling. 

The  evolution  of  carbonaceous  gaaes,  upon  stirring  the  molted 
moss  with  these,  reduces  any  oxide  of  copper  in  their  passage 
through  the  bath ;  indeed,  the  first  etloot  of  the  introduction 
of  the  poles  into  it,  is  to  produce  a  violent  commotion  in  the 
molten  matter,  and  this  is  kept  up  some  t$  minutes,  the  charcoal 
powder  or  anthracite  being  at  the  same  time  supplied  as  it  buma 
away- 

But  the  duration  of  this  woi:^  is  determined  by  constant  trials 
of  the  metal  during  its  progress  being  made  by  the  assayer.  When 
be  finds  that  the  product  is  satisfactory  as  to  colour,  fracture,  &c., 
be  directly  stops  the  pohng,  or  the  product  would  be  deteriorated 
by  it ;  the  metal  would  become  what  ia  called  '  over-poled.'  The 
examination  is  made  by  taking  out  n  small  ingot-mould  or  ladle 
full  of  metal,  and  plunging  it  suddenly  in  water ;  a  cut  sur- 
face is  then  made,  in  which  a  fibrous  grain  should  be  perceptible, 
and  the  colour  should  be  brilliant,  with  a  silky  lustre ;  at  Uie 
same  time  its  brittleneee  is  tested  by  bending. 

The  effect  of  over-  will  be  the  same  aa  nnder-poliog,  as  for  as 
regards  the  application  and  use  of  the  metal,  for  in  both  oases  it 
nill  bo  harsh  and  brittle ;  indeed,  even  more  so  in  over-poled 
metal.  For  in  under-poled,  the  evils  have  been  stated  to  depend 
upon  the  presence  of  oxide  remaining,  and  in  over-poled,  on  oar- 
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bide  of  copper  being  formed.  But  it  is  now  considered,  inHt«ad  of 
tUese,  to  result  from  the  great  ditBcuIty  of  removing  the  last  traces 
of  impurity  by  ordinary  reSning,  and,  therefore,  a  Hmall  quantity 
of  oiygen  remaimng  prevente  their  alloying  or  combining  with 
the  copper,  and  the  metal  will  be  really  over-poled  when  this 
oxygen  is  all  separated.  If  this  last  state  has  been  arrived  at,  the 
remedy  consists  in  skimming  off  all  the  charcoal,  and  exposing  the 
melted  metal  to  a  current  of  air  passed  through  the  furnace,  again 
stopping  this  when  the  proper  state  of  texture  has  been  arrived  at, 
by  the  absorption  of  the  requisite  oxygen. 

The  poling  properly  performed,  the  fire  is  again  renewed,  the 
scorise  removed,  and  a  few  shovelsful  of  charcoal  thrown  afresh 
over  the  auriace.  Lastly,  the  copper  is  dipped  out  by  means  of 
clay-coated  ladles,  and  cast  into  ingots. 

By  examination  of  a  great  number  of  specimens  of  refined  cop- 
pers, Abel  and  Field  have  shown  that  in  all  some  impurities  are 
retained.  They  state  that  arsenic  and  sUver  are  almost  invariably 
present,  bismuth  very  generally,  antimony  not  very  commonly, 
lead  always  present  in  sheet  or  rod  copper,  but  rare  in  cake.  Iron 
is  almost  entirely  removed  by  the  refining  operation.  Of  non- 
metallic  elements,  sulphur  is  also  only  found  in  minute  traces, 
some  oxygen  is  present  generally,  and  in  some  cases  selenium.* 

The  presence  of  lead  may  be  accounted  for,  from  its  being  a 
general  practice  to  scorify  copper  while  in  the  refinery  (as  a  last 
operation)  with  lead.  It  has  already  been  stated  that  plumbic 
oxide,  as  formed  in  cupelling  operations,  acts  as  a  carrier  of  oxygen 
to  other  metals  for  their  separation.  For  this  same  end  about 
half  a  per  cent  of  lead  is  added  to  the  yet  molt«n  copper,  and 
well  stirred  into  it  It  becomes  oxidized  by  the  air,  but  takes  also 
oxygen  from  the  copper.  It  then  afibrds  oxygen  to  any  arsenic, 
iron,  antimony,  or  other  base  metals  present,  which  will  thus  be 
separated  as  scoriie  with  the  plumbic  oxide.  Lastly,  the  lead  )S 
carefully  and  completely  separated  from  the  copper  as  thoroughly 

*  Some  eicelleot  papm  b;  Abel  and  by  F.  Field  upon  the  uialjsis  uid 
impmitieB  of  commercial  copper  will  be  found  in  Ihe  Jauntal  oftht  CAcmiraf 
Socitig  for  it6a  and  1S64. 
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as  possible,  for  any  retuned  would  be  injurioua  to  it;  this  is 
effected  bj  constaot  stirring,  so  as  to  bring  it  under  the  oxidizing 
influence  of  the  air,  the  oxide  formed  beii^  cleanly  raked  off  the 
surface  of  the  bath  before  casting. 

The  process  of  copper-smelting  in  reverberatory  furnaces  thus 
described  is  the  one  usual  in  England.  It  is  suitable  to  a  variety 
or  mixture  of  ores,  without  regard  also  to  their  associations  in  the 
way  of  siltceouB  matters,  &c.  But  it  entails  a  large  consumption 
of  fuel.  For  in  the  production  of  a  ton  of  copper  full  i£  tons  of 
coal  will  be  expended.  Hence,  it  is  not  so  suitable  to  countries 
where  fuel  is  scarce  or  dear. 

Many  patents  have  been  taken  out  for  improvements,  mostly 
with  a  view  to  shortening  the  operations,  and  some,  however,  for 
wet  methods,  whereby  poor  ores  may  be  advantageously  reduced. 

As  one  of  the  beet  of  the  former  class  of  processes  that  of 
Napier  may  be  given.  He  calcines  a  quantity  of  poor  ore  and 
afterwards  mixes  it  with  some  rich  ores  ooataining  a  large  per- 
centage of  copper.  These  are  next  roasted  together,  as  in  the 
second  of  the  Swansea  operations.  When  melted,  and  the  scorife 
taken  off,  a  quantity  of  salt  cake  (aodic  sulphate)  mixed  with 
charcoal  is  thrown  over  and  well  mixed  with  the  ores ;  or,  in  place  of 
this,  the  rough  sodic  carbonate,  known  as  soda  ash,  may  be  em- 
ployed. The  alkaline  salt  becomes  a  sulphide,  and  this  is  capable 
of  combining  with  any  arsenic,  antimony,  or  tin,  present  in  the 
ore.  When  this  decomposition  is  complete,  the  matt  is  run  out  of 
the  furnace  into  moulds  so  as  to  cast  it  into  cakes,  which,  when 
removable,  are  put  into  vessels  of  water. 

Solution  takes  place  of  the  compounds  formed  with  the  soda 
salt,  and  a  residue  of  ore  is  lefl  in  a  powdery  state,  which  is  dried 
and  calcined,  by  which  the  sulphur  is  readily  expelled,  and  the 
copper  oxidised.  This  latter  is  then  mixed  with  ores  containing 
no  sulphur  or  arsenic,  and  some  small  coal  or  charcoal  added  for 
reduction  of  the  metal  The  whole  is  then  heated  in  a  reduoing 
furnace,  by  which  the  pnre  metal  is  separated,  and  subsides  under 
a  slag  which  is  left  quite  iree  from  it. 

In  fiirkmyres'  process  the  sulphur  in  the  copper  pyrites  is 


oxidized  by  Bodio  nitrate,  and  retcuned  as  Bulpburic  acid,  aad  as 
aodic  and  ferric  Bulpliates,  the  arsenic  being  expelled  durii^; 
roasting  as  araenious  anhydride,  or  acid.  In  working  it  the 
copper  ore  or  sulphides  are  powdered,  mixed  with  the  sodio 
nitrate,  and  then  roasted  with  exposure  to  the  air ;  thus  the 
BulphidoB  are  converted  into  sulphates,  and  these,  with  the  sodio 
sulphate  also,  are  dissolved  out  of  the  resulting  mass  in  a  tank  of 
water,  and  the  gang<ie  allowed  to  subside ;  lastly,  from  the  clear 
metallic  aolutioa  the  copper  is  precipitated  by  means  of  metallic 

In  a  process  by  Henderson  very  poor  pyrites  is  also  econo- 
mically worked,  from  the  capability  of  utibzing  its  sulphur  for  the 
manufacture  of  sulphuric  acid.  After  the  bulk  of  the  sulphur  has 
been  roasted  ofT,  the  residue  of  ferric  oxide  with  a  very  small 
amount  of  copper,  and  also  some  sulphur  and  metallic  impurities 
is  ground,  and  mixed  with  a  quantity  of  sodic  chloride,  aud  then 
roasted  at  a  low  red  heat  for  some  hours.  Volatile  chlorides,  such 
as  those  of  iron,  arsenic,  and  antimony,  are  evolved,  together  with 
a  quantity  of  hydrochloric  acid,  and  of  chlorine.  Any  copper  is 
converted  into  cupric  chloride,  and  the  »oda  into  sodic  sulphate. 
The  two  latter  are  dissolved  out  by  treatment  with  water,  next 
with  some  dilute  hydrochloric  acid.  The  residue  is  then  washed 
with  water,  and  into  theae  liquors  bars  of  iron  are  put,  which 
reduce  the  whole  of  the  copper.  This  is  further  refined  by  poling. 
By  this  means  of  precipitation  the  water  of  oopper-mines  may 
have  the  copper  reduced  out  of  it.  The  copper  results  in  this 
water  from  the  oxidation  of  sulphides  producing  cupric  sulphate, 
which  is  soluble. 

Ores  containing  sulphides  of  copper  in  very  small  proportion  to 
the  ferric  sulphide  are  in  some  places  submitted  to  a  concen- 
trating operation,  for  which  purpose  they  are  roasted  either  in  a 
heap  or  in  kilns,  in  such  a  manner  trn  that  the  copper  by  some 
means  condenses  itself  into  a  moss  forming  a  core  or  kernel,  rich 
in  copper  within  an  outer  shell  of  iron  oxide,  and  sulphide,  from 
which  all  the  copper  is  found  to  be  removed.  The  plan  is  termed 
'  kernel  roasting.' 
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The  roaBting  operatioa  ie  started  upon  fragments  of  the  ore,  by 
means  of  wood  fires,  but  when  once  lighted,  the  sulphur  of  the  ore 
itself  bums  and  acts  as  so  muoh  fuel  The  roasting  ocoupies  five 
or  six  months,  after  which  the  nodules  are  broken  by  hand,  and 
the  kernels  separated  from  the  surrounding  materiaL 

In  the  Venetian  Alps,  where  thie  prooesa  is  employed  (at 
Agordo),  the  crust  is  utilised  for  the  producUon  of  sulphurie  aoid 
from  its  aulf^ur. 

Plattner,  in  his  Rostprooeeae,  in  explanation  of  the  action 
going  on,  states  that  the  jHeoea  of  ore  are  heated  until  some  sul- 
phur is  Tolatiliied,  when  it  forms  sulphurous  acid,  with  atmo- 
spheric air,  peroiide  of  iron  being  at  the  same  time  left.  Some 
sulphurous  acid  escapes,  but  some  takes  more  oxygen  and  becomes 
sulphurio,  magnetic  oxide  and  sulphate  of  iron  being  formed  at 
the  same  time,  continued  reaotkm  of  the  sulphuric  acid  couverta 
these  again  into  oxide  of  iron.  The  sulphide  of  copper  is  less 
oxidiiable,  and  is  also  protected  _  by  a  surrounding  atmosphere  of 
sulphur  vapour;  it  fuses  and  combines  with  adjacent  sulphide. 
The  crust  formed  is  porous,  and  allows  the  action  to  go  on,  but 
the  cnmt  of  peroxide  of  iron  beoomea  by  degrees  thicker ;  at  the 
same  time  the  copper  sulphides  become  more  and  more  ooncen- 
trated,  and  form  an  actual  core. 

Percy*  gives  a  very  careful  detailed  account  of  this  operation, 
but  expresses  himself  as  not  satisfied  with  any  of  the  explanations 
which  have  been  given  of  the  action  taking  place. 

On  the  Continent,  copper  ores  are  generally  reduced  by  means 
of  the  cupola  or  small  blast-fumaoe,  the  foumeau  a  manche 
already  spoken  of ;  by  it,  very  poor,  and  also  very  rich  ores  may  be 
equally  well  worked,  while  the  oonsumptinn  of  file]  (generally 
charcoal)  is  very  smalL 

It  will  be  evident  that  by  such  means  rich  ores,  such  as  oxides 
or  carbonates,  may  be  at  once  reduced  by  simply  heating  in  con- 
junction with  some  carbonaceous  matter  with  some  siliceous 
sooriie  added.     But  if  sulphides  are  so  treated,  they  require  one 

*  IfHaUmrg]!,  vol.  i.  page  43). 
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or  more  previouB  roaatinga,  analoguua  to  tboae  employed  in  the 
Swansea  operations,  and  hy  which  some  sulphur,  and  the  rolatile 
bodies  are  driven  off;  but  more  especially  for  the  purpoee  of 
oxidizing  and  separating  the  iron ;  after  which  they  can  be  readily 
reduced  inithe  blost-fumace. 

The  blast-fiu-nace  operations,  as  carried  out  at  Uangfeld,  in 
Saxony,  may  be  given  as  an  example  of  working  poor  ore  by  this 
method.  These  are  argillaceous  schists  containing  a  varying  pro- 
portion of  copper,  ranging  from  a  to  4.  per  cent  only,  but  asso- 
ciated with  a  considerable  quantity  of  bituminous  matters,  which 
assist  in  the  reduction.  The  copper  pyrites  is  diffused  in  the 
material  in  the  form  of  small  crystals. 

About  100  tons  or  more  are  heaped  in  layers  with  wood,  and 
inflamed,  this  roosting  being  carried  on  for  four  to  five  mouths. 
The  ore  in  the  end  is  thus  rendered  yellowish  from  tlie  oxidation 
of  tlie  iron,  and  it  is  also  made  veiy  friable.  It  is  now  mixed 
with  some  rich  slags  containing  jsupric  oxide,  a  quantity  of  fluor- 
spar and  some  cupreous  schists  containing 
calcic  carbonate;  these  two  latter  act  as 
fluxes,  while  the  slogs  afford  material  to  con- 
vert the  iron  into  silicate.  This  is  intro-  ' 
duced  into  a  small  blast-furnace,  fig.  79, 
The  average  height  is  1 6  feet ;  breadth  at  the 
tuyeres  (6)  z  feet  1  inches,  and  at  the  vridest 
part  (a)  3  feet  6  inches.  It  is  surmounted 
by  a  chimney  of  4.0  to  ;o  feet  in  height. 
The  tuyeres  for  carrying  in  the  blast  enter 
at  (6)  about  14  inches  up  the  body  some- 
times at  the  back,  at  others  on  the  opposite 
sides. 

Calcined  ore,  mixed  as  above,  is  charged 
in,  in  alternate  layers  with  the  fuel,  a  mix- 
ture of  charcoal  ond  coke.  The  charge  works 
off  in  about  1 5  hours.  Two  tap-holes  are  opened  at  the  lower 
part  of  the  crucible  alternately ;  each  communicates  with  a  large 
Ing  basin  (dd),  fig.  80.     As  soon  as  one  has  been  filled  the 
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outlet  (c)  to  the  seoond  is  opened,  and  the  melted  materials 
separate  into  two  layers,  an  upper  one  of  slag,  and  a  lower  matt  of 
copper,  containing  about  30  to 
40  per  cent  of  metal.  Should 
the  matt  contain  leas  than  50 
per  cent,  the  above  operations  are 
repeated  so  as  to  remove  more 
iron  sulphide,  and  so  concentrate 
the  copper  before  final  reduction. 
Supposing,  however,  that  the  matt 
is  sufficiently  rich,  it  is  next 
roasted  five  or  six  times  in  buo-  '^' 

ceuaion,  in  a  seriea  of  square  briclc  roast  ing-etolla  (Roatstadeleu). 
These  are  formed  of  a  back  wall  containing  a  flue  for  each  stall ; 
the  six  stalls  ore  formed  upon  this  wall  by  a  Beriee  of  short  cross 
separating  walls.  Thoy  ore  closed  in  &ont  after  the  charge  is  in 
by  a  temporary  wall  built  up  for  each  operation.  In  one  of  these 
a  wood  fire  is  got  up,  and  the  matt  placed  on  this  is  roastod,  after 
which  it  is  removed  and  washed  in  water  in  a  series  of  wooden 
vats  so  as  to  remove  any  cupric  sulphate,  which  is  always  formed. 
These  operations  are  repeated  in  the  second  stall,  and  so  on 
throughout  the  whole,  and  occupy  about  seven  weeks,  after  which 
the  matts  are  ready  for  smelting  into  black  copper  in  a  second 
blast-furnace.  This  is  a  cupola  resembling  the  first,  but  on  a 
smaller  scale.  The  product  of  the  roasting  stalls  called  '  Gahrrost ' 
is  charged  in,  mixed  with  a  proper  quantity  of  rich  copper  slags 
(usually  about  a  Jtli  of  the  weight  of  the  roasted  ore),  and  also  with 
a  quantity  of  charcoal  or  coke  for  firing.  These  slaga  afford  siliceous 
matters  to  combine  with  iron  oxide.  After  a  period  of  about  24 
hours,  the  operation  being  complete,  the  product  is  run  into  the 
receiving  pots,  where  the  black  copper  so  called  from  its  surface 
being  covered  with  black  oxide,  subsides  to  the  bottom ;  above 
this  wiU  be  a  matt  of  copper  sulphide,  and  above  all  a  layer  of 
slag. 

The  block  oopper  contains  about  95  per  cent  copper,  and  it 


retUDB  about  3  per  oent  iron  with  small  quantities  of  ulvor, 
antimony,  and  sulj^ur. 

The  Bilver  Taiiea  much  in  amount,  and  it  ia  eztraoted  by  ons 
of  tvo  proooBooa.  The  fint  by  liquation,  after  mixing  the  black 
oopper  with  lead,  has  been  already  described  under  silver  (pa^ 
I JS).  The  other  is  by  amalgamation,  and  for  this  the  gahrrort 
or  matt  produced  from  the  roasting-atalls  is  first  powdered,  then 
moistened  and  roasted  in  a  reverberatory  fiimaoe  for  about  three 
bonis.  It  is  next  remored  and  well  mixed  with  about  10  per 
cent  of  salt,  and  an  equal  proportion  of  chalk;  this  latter  ■■ 
employed  for  the  decomposition  of  the  oopper  and  iron  sulphides 
which,  existing  in  bo  great  quantity  as  auoh  in  the  matt,  would 
oooasion  much  loss  of  mercury,  and  binder  amalgamation.  This 
mixture  ia  dried,  powdered,  and  again  roasted  tat  two  hoiua. 

The  whole  is  then  transferred  to  the  Fribnrg  barrels  (page 
164)  and  amalgamated  in  the  usual  way. 

After  separation  of  the  amalgam,  the  cupreous  residue  is  made 
into  discs  with  clay,  and  smelted  with  siliceous  material,  vhenoe 
black  copper  is  obtained  oa  before. 

The  refining  of  this  product  is  commenoed  in  a  reverberatoiy, 
having  an  elliptical  bed,  a,  of  about  8  feet  long  by  6}  broad  (fig.  81). 
This  bed  is  formed  of  day 
and  coal-dust  mixed  and 
beaten  well  upon  a  founda- 
tion formed  in  several  layers 
of  clay,  brick,  and  other 
material  At  the  back  are 
placed  two  separate  receiv- 
ing basins,  b  b,  of  about  3 
feet  diameter  each.  The 
gmte  in  front,  e,  is  large 
^^^^  for  a  wood  fire,  and  at  an 

^S-  *'■  angle  at  one  side  of  this, 

enter  the  tuyeres,  dd,ota.  blowing  apparatus,  by  which  a  diaught  ot 
KT  ia  directed  upon  the  bed.     The  charge  worked  is  3  tons,  worked 
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with  a  small  amount  of  cement  copper.  When  fused  the  tuyeres 
BiTe  directed  upon  the  bath,  a  slag  ia  thus  formed  upon  its  surfiuw, 
and  is  removed  as  often  as  formed.  The  heat  is  raised,  and  the 
metal  boiled  for  three-quarters  of  an  hour.  After  this,  assays  are 
made  as  to  the  quality  of  the  metal  in  the  usual  way,  and  if  it  is 
judged  to  be  complete  the  charge  is  run  into  the  basins.  A  little 
water  thrown  upon  its  sur&oe  causes  disos  or  rosettes  to  sepa- 
rate, which  are  removed  as  they  form,  and  plunged  into  water, 
thus  further  oxJdatifHi  is  prevented,  and  their  red  colour  re- 
tained. This  latter  depends  npon  their  oontiuning  suboxide, 
and  hence  also  they  need  a  second  refining  to  i«nder  them 
malleable.  This  is  done  in  another  small  flimaoe  (fig.  Si)  composed 
of  a  hemispherical  basin,  a,  of  about  i  foot  4.  inches  in  diame- 
ter, set  in  briokwork,  and  hned  with  a  brastiuing  of  i  parts  of 
powdered  charooal  and  i  of  fireclay.  Into  the  back  of  it  fs  oanied 
a  blast  pipe,  b.  It  is  charged  with  ignited  charcoal,  on  which  the 
copper  to  be  refined  is  laid,  it 
is  then  covered  with  charcoal, 
and  a  moderate  blast  turned  on. 
The  charooal  and  metal  aro  then 
supplied  until  the  basin  is  nearly 
full,  the  BcoricB  flowing  off  into 
a  receptacle.  The  assayer  ex- 
amines the  metal  from  time  to 
time,  and  when  the  refining  is 
complete  the  blast  is  stopped, 
a  little  water  tlirown  over  the  surface,  the  charcoal  withdrawn 
and  the  scoria  raked  off,  and  on  to  the  clean  sur&oe  of  metal' 
a  httle  water  ia  again  threwn  to  set  it.  The  rosette  thus  formed 
is  removed,  and  this  ia  repeated  until  all  the  charge  is  ao  removed. 
A  3j  owt  ohaige  is  tlius  refined  in  about  two  hours,  the  mallea- 
bQity  is  not,  however,  quite  perfect  for  manufacturing  purposes, 
but  requires  for  these,  a  second  and  more  careful  operation  in 
the  same  hearth,  after  which  it  is  cast  in  ingots. 

In  Sweden  and  Norway  copper  is  also  smelted  in  blast  &it- 
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nnceB,  and  at  Atvidaberg  in  Sweden,  the  operatiooB  and  the  fur- 
naces, &Q.,  employed,  are  much  the  eome  as  those  just  described 
as  used  at  Mansfeld.  The  ore  is  fiist  roasted  in  kilns  or  heaps, 
after  which,  mixed  with  slags  in  certain  proportions,  it  is  smelted 
in  the  first  or  ore  furnace,  which  here  is  about  25  feet  high  by 
13  feet  external  diameter.  The  regiilus  obtained  after  about  48 
to  73  hours  is  removed,  and  roasted  in  a  kiln  several  times  till  fit 
for  the  second  or  black  copper  fiimace.  For  this  the  roasted 
regulus  is  mixed  with  certain  slags  and  residues,  and  f\ised  in  the 
second  furnace  which  differa  from  the  first,  in  being  of  much 
smaller  capacity.  On  tapping  this  furnace  the  product  is  cast  in 
pigs  and  refined  on  the  ore  hearth  until  rendered  tough  and  mal- 
leable. The  ore  hearth  for  this  purpose  being  1  to  1}  feet  id 
diameter  by  i;  to  18  inches  deep,  and  supplied  with  a  blast 
tuyere  at  the  back  which  turns  down  over  the  hearth  when  in 
operation. 

Commercial  copper  is  generally  very  nearly  pure,  yet  it  fre- 
quently conttuna  traces  of  lead,  silver,  arsenic,  bismuth,  and  at 
times  tin,  and  traces  of  antimony.  Some  of  these  will  materially 
injure  the  working  qualities  of  the  copper.  Dr.  Miller  states  that 
to  ounces  of  antimony  in  a  ton  of  copper  will  render  it  quite  unfit 
to  make  brass  which  is  required  for  rolling.  Aiseuio  also  is  very 
injurious,  especially  if  the  copper  is  used  for  alloying  purposes. 
A  small  proportion  of  tin  will  increase  the  tenacity  of  copper  ;  if 
the  quantity  be  large,  it  hardens  it  too  much — in  fact,  produces 
bronze. 

The  purest  form  of  commercial  copper  is  that  precipitated,  as 
a  crystalline  powder,  by  means  of  iron  from  the  sulphate  found  in 
solution  in  the  water  of  some  oopper-mines.  Such  copper  is  called 
*  Cement  copper.' 

Commercial  granulated  copper  is  always  tolerably  pure,  and 
on  that  account  has  generally  been  used  for  alloying  metals  for 
coinage.  It  is  granulated  by  pouring  the  fused  metal  through  a 
perforated  ladle  into  a  tank  of  water.  If  this  water  is  previously 
heated  the  metal  solidifies  in  compact  rounded  masses,  known  ai 
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bean  shot  copper.  But  if  cold  water  is  employed,  the  grains  are 
flattened  and  flaky,  and  it  is  tlieo  called  feathered  shot. 

The  following  methods  will  produce  chemically  pure  copper : — 

I  at.  Electrical  precipitation  by  means  of  the  battery.  If  the 
poles  of  a  voltaic  arrangement  be  immersed  in  a  solution  of  cuprio 
sulphate,  the  metal  will  be  deposited  in  a  soUd  state  upon  the 
negative  pole,  and,  when  washed  and  dried,  is  quite  pure. 

The  cupric  sulphate  eboold  for  this  purpose  be  purified  by 
several  re-cry stallisiations. 

id.  By  reduction  of  pure  cupric  oxide  by  hydrogen.  For  this 
purpose  the  oxide  is  placed  iu  a  bulb  tube,  to  which  apparatus  is 
attached  for  evolving  a  current  of  dry  hydrogen  gas.  The  bulb  is 
heated  to  somewhat  below  redness.  The  metal  thus  remains  aa  a 
reddish  brown  powder. 

3rd.  Pure  copper  may  be  obtained  in  a  pulverulent  state  by 
boiling  a  concentrated  solution  of  cujtric  sulphate  with  distilled 
zinc.  The  copper  solution  must  not  contain  any  free  acid.  As 
soon  as  the  blue  colour  of  the  salt  disappears  the  einc  is  taken 
out,  the  solution  poured  off  the  subsided  copper,  and  the  latter 
washed  with  some  very  dilute  sulphuric  acid.  Thti>  is  then  poured 
off  and  the  powder  washed  with  hot  distilled  water.  It  is  then 
pressed  between  folds  of  bibulous  paper  and  carefully  dried,  and 
it  is  even  better  to  dry  it  in  a  flask  or  retort  through  which  a 
current  of  hydrogen  gas  is  passed. 

It  may  be  obtained  comparatively  pure  l:^  igniting  copper  for 
half.an-baur  in  a  covered  Hessian  crucible,  having  added  one- 
third  its  weight  of  nitre.  This  addition  oxidizes  the  traces  of 
those  metals  with  which  it  is  contaminated. 

Properlia. — Copper  is  perfectly  red  in  colour.  It  is  sometimes 
found  oiystalline,  either  in  cubes  or  octohedra,  and  it  may  be 
deposited  in  these  forms  by  voltaic  action  if  this  be  carried  on 
very  slowly.  It  is  very  ductile  and  tenacious,  as  well  as  malle- 
able, but  is  hardened  by  rolling  or  hammering,  and  may  be  a^;ain 
softened  by  annealing.  It  becomes  brittle  when  heated  to  near 
its  fusing  point     Pulverulent  copper  may  be  welded,  by  first 
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pressitig  it  into  form,  and  then  heating  to  a  toIeraUy  high  t«mp»- 
i&ture,  but  air  must  be  exduded,  for  in  fine  diviaion  it  ia  vnj 
(oidizabla 

Copper  fiises  at  1996°F.  =  I091  C,  and  ia  TWy  little  Tolatile; 
in  those  rolatilized  deposita  where  copper  haa.  been  auppoaed  to 
have  been  carried  off,  the  sub-oxide  will  be  mixed  vith  it.  It 
expands  on  solidifying,  and  absortxi  axjgea  :  by  aome  thia  ia  Btated 
to  be  similar  to  the  abenptioQ  of  that  gaa  faj  silver,  but  I  believe 
it  ia  a  surface  oxidation  only.  Ck^per  is  unacted  upon  by  the  air 
at  ordinary  temperatures,  notwithstaiiding  tlte  moisture  irhiah 
may  be  present  iu  it.  It  ia  readily  soluble  in  nitric  acid  with 
evolution  of  nitrous  fimiea  By  aulphorio  aoid  it  is  only  acted 
upon  by  the  aaaiatanoe  of  heat  Salpharous  anbydiide  ia  evolved 
and  oupric  sulphate  formed.  Hydrochloric  acid  acta  slowly  upon 
it,  but  if  air  be  occluded  it  is  inactive.  Odliug  states  that  finely 
divided  copper  if  boiled  in  hydrochloric  add  will  be  disscdved  with 
evolution  of  hydrogen. 

Ammonia  in  lilie  manner  diasolvea  it  if  (ur  aeusta,  but  potasaa 
or  soda  ia  inactive  upon  it 

The  apecific  gravity  ia  about  8*93,  varying  slightly  acoOTdtng 
to  its  state.  It  haa  a  peculiar  and  disagreeable  odour  when 
heated,  and  a  oorreaponding  taste.  The  odour  is  communicated 
to  the  bands  if  they  are  moist  when  it  ia  handled.  Symbol,  Cu". 
Atomic  weight,  63-5. 

Oomp&undt. — There  are  two  compounds  of  copper  with  oxygen, 
via.,  a  suboxide  or  cupreoua  oxide,  and  a  protoxide  or  cupric  oxide^ 
and  there  are  corresponding  chlorides  and  aulphides. 

Cupreous  oxide  is  formed  if  we  heat  metallic  copper  in  the  tur, 
and  break  ofi'  the  scale  formed,  but  it  ia  apt  to  be  mixed  with 
acme  protoxide  if  a  current  of  air  passes  over  it  iu  forming  it. 
It  is  found  in  nature  in  glassy  maaaes  of  a  deep  red  colour,  and 
often  in  beautiful  ruby  oct<^edral  cryatala  It  may  be  formed  by 
heating  the  protoxide  with  finely  divided  copper  (as  filings)  in  the 
proportion  of  five  parts  of  the  former  with  four  of  the  latter ;  in 
this  wayj  when  decomposition  has  talien  place,  by  raising  the  heat 
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to  redaeflB  we  get  S  foaed  masB.  Bat  in  the  laboratory  it  is  oom- 
monlf  obtained  in  a  red  cTTstalline  powder,  oonsisting  (^  octo- 
hedrat  rayBtals,  by  boiling  equfd  parts  of  dibosio  onprio  aoetats 
with  sugar,  and  In  four  parte  of  water  for  about  two  hoora 
Renault  advisee  addii^  to  a  ouprio  salt  some  sugar  and  potaosB, 
until  the  oxide  which  preoipitatea  at  fiiBt  is  redisaolved,  them  on 
boiling  the  liquor  the  oryetalliue  cupreous  oxide  is  dsponted. 

Suboxide  of  oopper  forms  subsalts,  but  ^eae  are  not  very 
Stable,  being  readily  oonverted  into  salts  of  the  protoxide  by 
absorption  of  oxygen.  The  chief  use  of  this  oxide  is  as  a  stain 
in  glaas-working.  From  it  are  produoed,  when  pure,  a  most 
beautiful  carmine  red,  as  also  aevarsl  other  tints,  ratting  from 
orange  to  de6p  red,  these  last  are  obtained  by  m'Ting  with  it  a 
proper  proportion  of  ferric  oxide. 

The  brilliant  reds  of  some  early  Bpedmens  of  stained  glass 
were  doe  to  this  oxide,  but  in  employing  it  much  care  and  judg- 
meat  are  required,  because  from  its  unstable  nature  it  is  Tery 
liable  to  beooma  jnotoxidiied  in  the  fire.  And,  again,  he  power 
is  BO  intense,  that  unless  the  quantity  employed  be  very  small  it 
will  render  the  glass  almost  opaque.  Composition,  Gu^  0.  Atomic 
weight,  143. 

Cuprio  oxide  or  protoxide  may  be  fbimed  by  beating  a  sheet 
of  copper  in  a  good  current  of  air.  Cupreous  oxide  is  first  formed 
which  pasaes  to  cuprio  oxide,  if  then  the  sheet  is  plunged  in  water 
it  scales  off,  but  mixed  with  some  suboxide.  It  is  obtained  in  a 
State  of  purity  by  dissolring  pure  electrotype  copper  in  nitric  acid, 
and  evaporating  to  dryness.  The  resulting  salt  is  then  slowly 
heated  to  redness  in  a  clay  cmoiblB,  the  acid  is  thus  separated 
and  deoompoeed,  and  the  oxide  left  It  may  also  be  obtained  as 
a  hydrate,  by  deoomposing  a  pure  oopper  salt,  by  means  of  potash, 
a  bulky  blue  precipitate  falls;  this  may  be  rendra^  anhydrona 
by  boUing  in  water  after  it  has  been  well  washed.  This  oxid'9 
is  soluble  in  acids,  producing  blue  (and  occasionally  green)  salts. 
It  is  soluble  in  ammonia,  and  hence  this  alkali,  in  plaoe  of  per- 
mnuently  precipitating  it  from  its  sdutioos,  colours  them  an  in- 
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tense  blue ;  from  tbia  solutton  bydrated  crystals  vill  dqvosit, 
composed  of  cupric  oxide  combined  with  ammonia  and  water.  If 
the  cupric  oiide  be  employed  in  enamelling  or  glasa-ataining,  a 
green  glass  will  be  produced.  Composition,  Cu  0.  Atomic 
weight,  79"S. 

Cupreous  chloride  may  be  formed  by  digesting  copper  in  a 
solution  of  cupric  chloride,  or  quicker  by  boiling  finely-divided 
copper  in  the  same.  The  blue  colour  of  the  liquid  passes  to 
brown,  and  at  the  same  time  white  otystals  of  cupreous  chloride 
are  deposited.  It  may  be  obtained  also  by  dissolving  four  parts 
of  copper  filings  with  five  of  cupric  oxide  in  hydrochloric  acid,  or 
again  by  boiling  cupric  chloride  with  sugar. 

It  is  insoluble  in  water,  but  soluble  in  strong  hydrochloric 
acid.  It  has  the  property  of  redudng  metallic  silver  and  gold 
from  their  solutions.     Composition,  Cu,  Cl^.     Atomic  weight,  198. 

Cupric  chloride  is  got  by  dissolving  cupric  oxide  in  hydro- 
chloric acid,  or  metallic  copper  in  aqua  regia.  It  forms  a  very 
soluble  salt,  crystallizable  in  green  needles,  and  very  deliqueaoent. 
Composition,  Cu  CI,,     Atomic  weight,  134*5. 

Cupreous  sulphide,  or  subsulphide,  may  be  formed  by  beating 
together  the  proper  proportions  of  sulphur  and  copper.  It  is  the 
produce  also  of  the  fourth  operation  in  ordinary  copper-smelting 
known  as  '  fine  metal.'     Composition,  Cu,  S.    Atomic  wei^t,  159. 

Cupric  sulphide,  or  protosnlphide,  is  the  precipitate  obtained 
in  ordinary  solutions  of  copper,  by  the  addition  of  dihydrio  erul- 
phide.  Thus  formed,  it  is  a  dark  brown  hydrate,  soluble  in  nitric 
acid,  and  converted  even  by  ezpoeure  to  air  into  ouprio  sulphate. 
It  may  likewise  be  formed  by  heating  together  sulphur  and  copper 
filings  in  proper  proportion.  It  is  also  precipitated  by  anunonio- 
hydric  sulphide  or  potaswo  sulphide,  but  in  the  former  salt  it  is 
slightly  soluble.     Composition,  Cu  S.     Atomic  weight,  $$'$. 

AUoyt. — With  mercury  copper  amalgamates,  but  the  ftmalgnm 
must  be  formed  with  a  little  managemeut,  for  the  metals  do  not 
readily  combine.  The  best  method  of  obtaining  an  amalgam  is 
by  just  wetting  a  quantity  of  the  pulverulent  copper  described  at 
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page  375,  with  a  little  mercurous  nitrate  aolutton.  Thus  the  copper 
becomes  well  coated  with  mercury;  this  done,  the  merctny  is 
poured  upon  it,  and  it  may  be  to  the  extent  of  two  or  three  times 
the  weight  of  the  copper,  then  by  rubbing  the  metals  in  a  mortar 
union  of  the  two  will  be  effected  ;  and,  lastly,  perfect  mixture  is 
completed  by  gently  warming  in  a  crucible. 

Copper  may  be  mixed  with  siWer  in  all  proportions,  and  tho 
chief  use  of  this  alloy  is  for  the  formation  of  coin  and  plate. 
Silver  ia  much  hardened  by  mixture  with  copper,  and  in  small 
amount  copper  does  not  much  colour  silver ;  where,  however,  the 
quantity  is  considerable,  the  colour  of  the  alloy  becomes  per- 
ceptibly yellow,  and  in  equal  parts  will  resemble  brass  in  colour, 
while  it  is  also  rendered  very  hard.  In  England  the  proportions 
used  for  coin  and  plate  are  1 1  oz.  2  dwts.  of  fine  silver  to  1 8  dwts. 
of  copper,  or  decimally  Ag  92  j  +  Cu  7;.  This  ia  a  well-wearing 
alloy,  but  finer  oven  than  this  is  used  for  the  striking  of  medals. 
Again,  the  Indian  rupees  are  composed  of  947  silver  to  ^3  of 
copper.  Of  Continental  coins  the  bulk  are  decimally  alloyed. 
Thus  French  five-franc  pieces,  and  French  silver  coin  generally, 
are  composed  of  ulver  900  to  copper  1 00 ;  but  some  of  the  silver 
coin  of  Germany  and  Prussia  is  very  coarse.  From  examinations 
of  some  of  these  made  by  the  author,  he  finds  that  Prussian  tfaalers 
average  811  Ag-H  189  Cu;  the  German  14-kreutzer  pieces,  ;86 
Ag+414  Cu;  and  the  Prussian  pieces  of  j  silver  groschen  contain 
only  183  Ag  to  717  Cu  on  the  average.  Hence  the  latter  after 
a  little  wear  have  all  the  appearance  of  copper. 

In  silver  bars  alloyed  with  copper  there  is  a  great  tenden<7 
in  the  copper  to  separate  to  some  extent  as  the  bar  solidifies,  and 
to  pass  off  towards  its  edgee,  so  that  coins  such  aa  Mexican  dollars, 
crown-pieces,  &o.,  punched  out  of  such  a  bar -will  always  be  poorer 
at  tha  parts  of  their  circumference  corresponding  to  the  sides 
of  the  bar,  their  quality  increasing  in  silver  towards  their  centre. 
I  have  carefully  examined  both  Mexican  dollars  and  crown-pieoes 
for  this,  and  found  that  the  variation  in  such  between' centre  and 
sides  will  range  in  the  former  one  to  six,  and  in  the  latter  from 
one  to  fbnr  miUiemea.      The  average  of  a  number  of  experiments 
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on  crowns  (ylt.  of  twen^-four)  gave  a  me&n  Tariation  of  two 
milliemea,  and  the  quality  in  which  greatest  rouge  is  shown  seems 
to  be  that  of  900  silver  to  1 00  copper. 

Alloya  of  gold  with  copper  have  already  been  alluded  to  (pago 
369).  Copper  hardens  gold  very  much,  and  when  the  oc^per 
is  in  any  considerable  quantity  the  gold  is  apt  to  be  rendered 
more  or  less  brittle  by  it,  eepeciaUy  if  the  former  metal  be  not 
thoroughly  pure ;  henoe  great  care  is  requisite  in  selecting  oopper 
for  this  purpose.  At  our  Mint  the  kind  known  as  shot  copper  is 
employed,  aa  being  a  pure  kind.  In  our  own  coin  916*6  parts  of 
fine  gold  are  alloyed  with  8]'3  of  alloy,  the  whole  of  which  may 
be  oopper.  In  France,  Holland,  and  America,  the  same  deoiiiial 
system  ia  pursued  as  with  the  silver  coin  ;  vis.,  900  parts  of 
gold  are  combined  with  100  alloy;  and  in  ooin  in  which  this 
alloy  is  all  copper  the  metal,  although  rendered  very  bard,  is 
nevertheless  not  at  all  brittle,  if  the  alloying  has  been  carefully 
done. 

Copper  and  platinum  in  equal  proporti<KU  tana  an  alloy  much 
losembling  gold  in  colour.  The  specific  gravity  is  also  the  same, 
but  the  metals  require  the  strongest  whits  heat  for  their  com- 
bination. 

Copper  alloys  with  palladium,  but  the  heat  required  for  their 
union  is  also  very  great.  Equal  parts  of  the  two  metals  form 
a  light  brasB-Doloured  alloy,  rather  brittle,  but  Mr.  Cock  fonned 
a  ductile  white  alloy  of  four  parts  of  copper  to  one  of  palladium. 
Ct^per  and  lead  form  a  brittle  alloy  ;  indeed,  when  the  proportion 
of  lead  ia  only  a  thousandth  1;hat  of  the  quantity  of  oopper,  the 
latter  is  rendered  very  unworkable.  If  the  quantity  of  Irad  be  a 
hundredth  of  that  of  the  copper,  Karsten  states  that  the  latter 
will  be  quite  useless.  But  copper  will  retain  only  a  small  portion 
of  lead  as  alloy  with  it.  Copper  may  be  alloyed  with  bismuth, 
but  the  copper  is  thus  rendered  harder  and  brittle  in  working. 
Karsten  states  that  even  o'6  per  cent  of  bismuth  will  cause  the 
alloy  to  oraok  at  the  edges  when  hammered.  One  part  of  oopper 
with  four  of  bismuth  has  a  thorough  red  colour  and  the  soaly 
texture  of  bismuth.    Copper  alloyed  with  line  in  various  proper- 
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ijons  foraiB  the  different  kinda  of  brass.  With  tin  it  yields  s 
variety  of  compounds,  of  which  bronze  is  the  chiel  Lastly,  with 
one  and  nickel,  it  forms  Gennan  silver.  These  alloys  will  be 
examined  in  their  appropriate  plooea. 

DucrimtTuUion  of  Copper. — I.  I>ihydrio  sulphide,  or  ammonio-  < 
hydrio  sulphide,  throws  down  from  either  acid,  alkaline  or  neutral 
solutions,  a  brownish  black  precipitate  of  ouprio  sulphide;  not 
soluble  in  dilute  acids  or  alkalis ;  soluble  in  potassic  cyanide,  and 
slightly  so  in  ammonio-hydric  sulphide,  hence  it  is  better  precipitated 
by  the  first  reagent 

1.  Potash  or  soda  precipitates  a  light  blue  banc  salt,  and  on 
addition  of  excess  this  becomes  a  bydrated  oxide,  which  on  boiling 
is  rendered  brownish  black  and  anhydrous ;  and  the  effect  of  fixed 
alkaline  carbonates  is  ultimately  the  same,  although  at  the  first 
precipitation -of  the  copper,  it  foils  as  a  bydrated  carbouate,  the 
water  and  carbonic  acid  being  subsequently  driven  off  by  boiling. 

3.  Ammonia,  or  its  carbonate,  gives  a  blue  precipitate,  which 
ia  immediately  dissolved  in  excess,  producing  a  deep  blue  solution. 
This  same  coloration  ia  produced  by  ammonia  in  nickel  salts.  But 
distinction  is   made  between  them  by  the  action  of  dihydric 

eJiU.  sulphide,  which  in  bmM  gives  no  precipitate  if  the  solution  be 
acidulated  by  sulphuric  acid ;  and  again  by  the  difference  of  the 
precipitates  produced  by  potassio  feirocyanide. 

4.  Potassio  ferrocyanide  gives  a  very  charaoteristio  brown 
precipitate,  soluble  in  ammonia.  If  the  latter  be  evaporated 
&om  such  a  solution,  the  cupric  ferrocyanide  is  left  unchanged. 
This  precipitate  is  insoluble  in  hydrochloric  acid.  It  is  decomposed 
by  potassa. 

$.  If  a  bar  of  iron  be  placed  in  a  solution  oontuning  copper, 
the  latter  will  be  precipitated  upon  the  bar  in  a  metallic  state ; 
zinc  or  tin  employed  in  the  same  way  throws  the  metal  down  as  a 
black  powder. 

Copper  may  be  detected  in  exceedingly  dilute  solutions  by 
placing  a  drop  on  a  slip  of  clean  platinum  foil,  if  then  a  point  of 
zinc  be  plaoed  in  it  touching  the  foil  a  spot  of  reduced  copper  will 
be  seen  if  present.     When  a  copper  salt  is  heated  ia  the  blowpipe 
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oxidizing  flame  it  will  cmnmunicate  a  green  tint  to  it ;  and  if  it  be 
heated  in  a  platinum  loop  with  borax,  a  greea  bead  is  formed 
which  will  be  blue  when  cold.  In  the  reducing  flame  the  bead 
will  be  reddish  when  cold,  and  if  heated  here  upon  a  pieoe  of 
.  charcoal,  aud  with  a  little  sodic  carbooate  as  a  flux,  ve  get  a  bead 
of  metallic  copper. 

Ettimation  of  Copper. — Several  methods  have  already  been 
given  under  the  head  of  Copper  Assaying  (page  353).  And  in  the 
laboratory  it  may  also  be  determined  by  precipitation  aa  oxide,  as 
sulphide,  or  as  metallic  copper.  If  the  solution  under  examination 
contain  only  copper,  or  at  any  rate  no  other  metal  whose  oxide  is 
thrown  down  by  potossa,  we  have  only  to  add  an  excess  of  oaustio 
potassa,  and  well  boil  the  preoipitat«,  and  then  wash,  dry,  and 
weigh.  The  precipitate  contains  79'8j  per  cent  of  metallic  copper. 
To  ensure  accuracy  the  solution  must  be  dilute,  and  the  precipitate 
very  well  washed  to  get  rid  of  all  the  alkali,  and  it  should  be 
weighed  directly  it  is  cooL 

When  precipitated  aa  sulphide  the  solution  should  be  nearly 
neutral,  and  excess  of  dihydric  sulphide  added.  The  sulphide 
should  be  filtered  and  washed  quickly.  And  it  is  usual  then  to 
oxidize  by  nitric  acid,  and  agaiu  precipitate  by  potassa,  and  after 
this  to  proceed  as  before  so  as  to  weigh  it  as  oxide. 

To  estimate  as  metal  the  solution  is  better  if  free  from  nitric 
acid.  Place  in  it  a  piece  of  zinc,  and  add  a  little  hydrochloric 
acid.  Action  commences  immediately,  and  is  carried  on  until  the 
solution  is  colourless,  and  all  the  zinc  completely  dissolved.  Any 
doubt  aa  to  all  the  copper  being  down  may  be  settled  by  a  drop  of 
dihydric  sulphide  solution,  supposing  no  other  metal  present 
precipitable  by  it.  The  pulverulent  copper  has  the  solntioQ  then 
poured  off  it,  and  is  well  washed  and  dried  in  a  water  bath,  and 
weighed.  If  the  operation  is  done  in  a  platinum  dish,  it  will  be 
more  speedy  and  effective  being  assisted  by  the  galvanic  action 
set  up  between  the  zinc  and  platinum.  In  analysing  a  mixture 
of  mercury  and  copper,  the  amalgam  is  dissolved  in  nitro- 
hydrochloric  acid,  and  having  nearly  neutralised  the  excess  of 
acid  by  potassa,  we  add  a  quantity  of  potassic  formiate,  and  digest 
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at  about  150°  F.  =  j+^'S  C  Thus  the  mercury  will  be  pre- 
cipitated aa  Bubcbloride ;  this  may  be  oolleoted  on  a  filter,  waslied, 
dried,  and  weighed.  Then  the  copper  is  to  be  separated  and 
estimated  as  above. 

The  analysis  of  a  mixture  of  gold,  silver,  and  copper,  has  been 
already  givem  at  page  172. 


CHAPTER  XIV. 


The  chief  ore  of  antimony  ia  grey  antimony  ore,  a  seaquiaulphide, 
aud  this  ia  the  aource  of  very  nearly  the  whole  of  the  antimony  of 
commerce  ;  ordinary  grey  ore  coDtaina  also  oopper  and  iron.  When 
nickel  ia  preaent  it  is  termed  nickeliferoiia  grey  antimony.  Small 
quantitiea  of  antimony  are  found  native,  in  which  caae  it  ia  aaao- 
ctated  with  silver  and  iron.  Besides  these,  its  sulphide  ia  found  in 
combination  with  that  of  ailver,  aa  in  the  ruby  silvers  ;  also  with 
lead  and  copper ;  and  in  various  other  aaaociatious  with  lead, 
iron,  copper,  bismuth,  or  arsenic. 

Antimony  is  found  in  Hungary  and  Bohemia,  also  in  France. 
In  various  parts  of  Great  Britain,  in  America,  and  in  Borneo. 
Red  antimony  ia  a  compound  of  sulphide  and  oxide  of  antimony, 
and  'the  oxide  itself  is  also  found  alone. 

As  the  sulphide  is  ooutained  in  a  matrix  consisting  of  quartz, 
limestone,  and  heavy  spar  (or  baric  sulphate),  the  first  operation 
preparatory  to  obtaining  the  metal  consiata  in  separating  the  sul- 
.phide  from  this  gangue,  which  requires  aome  core,  as  the  aati- 
monial  sulphide  ia  very  fuuble  aa  also  veiy  volatile,  and  conse- 
quently much  losa  will  ariae  if  the  heat  employed  be  not  carefully 
regulated.  In  Germany  and  some  of  the  French  woriu  (and 
these  countries  supply  the  bulk  of  the  antimony),  the  operation  is 
effected  in  simple  reverberatory  tiimaces,  wherein  the  bed  is  made 
concave,  and  &om  its  lowest  point  a  channel  is  formed  to  convey 
the  fused  sulphide  into  proper  receptacles ;  but  aa  in  these  the 
above  loss  may  be  large  without  much  care,  the  plan  uaed  at  the 


French  mines  at  Malbose  may  be  given  as  by  &ir  the  heat  and 
economical  method. 

At  these  mines  the  operation  is  peHbnned  In  a  reverberatory 
furnace,  bnt  coustructed  with  a  dome^aped  arch,  that  is,  axched 
each  vay ;  vinderneath  this 
iB  placed  a  set  of  four  fire- 
clay cylinders  or  retorts,  a, 
vhich  rise  peipendicolariy 
thrdngh  rather  larger  open- 
ings in  the  arch ;  these  open- 
ings being  covered  1^  fire- 
clay covers.  The  cylinders 
stand  perpendicularly  npon 
the  strong  cover  of  an  ob- 
long chamber  formed  below 
on  each  side,  wherein  a 
crucible,  b,  ih  placed  im- 
mediately below  each  cylin- 
der'for  the  purpose  of  re- 
ceiving the  liquid  sulphide; 
Which  passes  from  the  clay 
cylinder  down  into  the  cm- 
cible  by  a  hole  in  the  cham- 
'ler  cover.  The  gratea  mn 
IiXim  back  to  front,  and  are  ^'    ^' 

placed  on  each  side  of  the  crucible  chambers  at  about  the  level  of 
the  pots,  the  heat  being  allowed  to  pass  into  them  by  flues. 

In  working,  the  cmde  ore  is  put  into  the  clay  cylinders,  and 
wood  fires  are  kindled  upon  the  grates,  the  draught  of  which  ia 
kept  up  by  a  chimney  which  rises  over  each  pair  of  cyhnders.  As 
the  sulphide  fuses  out  of  the  ore  it  passes  down,  and  is  received 
in  the  crucible  below ;  the  latter,  being  of  oast-iron,  is  lined  with 
day,  in  order  to  get  the  cake  of  sulphide  out  more  easily  when 
oold.  The  operation  upon  a  charge  of  ore  occupies  about  three  houn, 
The  weight  of  a  charge  is  $  owt,  and  the  ore  yields  on  an  average 
half  its  own.  weight  of  sulphide,  requiring  about  15  lbs.  of  coal  per 
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bnndredwnght  for  working.  The  clay  cylinders  last  aboat  three 
weeks  each. 

The  product  so  obtained  is  commercial  crude  antimony,  which 
is  reaUy  a  sulphide.  From  tliis  the  metal  is  obtained  by  fitst 
powdering  it,  and  then  heating  upon  s  reverfoeratory  bed,  a  roast* 
ing  or  didl  red  beat  being  employed.  By  this  much  of  the  sul- 
phur is  drireu  off,  together  with  any  anenio  which  may  have 
been  present ;  some  antimony  oxide  ia  generally  lost,  also,  during 
this  roasting.  The  two  fonner  escape  as  sulphurous  and  aneuioDS 
anhydrides.  The  residue,  which  conosts  of  a  mixture  of  teroxide 
and  t«r8ulphide  of  antimony,  is  now  worked  up  with  one-fifth  its 
weight  of  charcoal,  which  has  been  previously  satiu^ted  with  a 
strong  solution  of  sodio  carbonate,  or  one  part  of  coal  with  half  its 
weight  of  potoBsic  carbonate  may  be  used.  This  mixture,  placed 
in  crucibles,  is  heated  in  a  wind-Aimace  to  redness ;  thus  the 
metal  is  reduced  and  sinks  to  the  bottom  of  the  pots,  under  a  slag 
composed  of  smlphides  of  sodium  and  antimony.  This  latter  is 
separated  from  the  pure  metal  and  sold  as  'crocus  of  antimony.' 
The  yield  of  metal,  owing  to  this  and  other  loss  during  its  ex- 
traction, always  falls  short  of  the  true  contents  of  the  ore.  It 
averages  about  60  per  cent  of  the  whole.  The  metal  itself  is 
known  as  '  regulus  of  antimony,'  and  is  now  cast  into  ingots,  in 
greased  iron  moulds. 

The  ore  is  sometimes  smelted  so  as  to  yield  the  metal  at  one 
operation,  especially  if  it  be  rich.  At  Linz  they  roast  the  omde 
ore  for  about  eight  hours,  mixed  with  an  alkaline  carbonate  and  a 
quantity  of  iron ;  empli^ing  a  reverberatoiy  with  a  bed  formed  of 
clay  and  sand.  Thus  a  very  impure  metal  is  separated,  vhioh 
requires  purification. 

At  the  Rotherhithe  works,  until  lately,  they  were  in  the  habit 
of  reducing  ores  of  about  55  per  cent  in  this  way,  bat  using 
crucibles  for  the  purpose  of  the  Vision.  The  ore  was  charged  into 
the  pots  in  pieces  of  about  two  inches  in  diameter,  llien  the 
alkali,  and  lastly  some  pieces  of  scrap  iron.  Upon  beotjng,  the 
mass  fuses,  and  the  iron  is  then  well  mixed  with  it.  It  takes  the 
sulphur  fonoing  a  sulphide  of  iron,  and  the  antimony  is  set  free. 
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On  pouring  the  contents  of  the  crucible  into  an  iron  mould  the 
antimony  separatee  from  the  iron  gulphide. 

It  may  he  refined  by  mixing  it  in  powder  with  half  its  weight 
of  antimoniouB  oxide  and  fusing ;  thus  iron  and  copper  (if  prjsetit) 
.are  oxidized,  and  arsenic  ie  alao  separated ;  or  the  impure  metal 
may  he  fused  with  nitre,  which  will  oxidize  its  impurities.  They 
have,  however,  discontinued  the  process  as  unremuneratiTe. 

Chemically  pure  antimony  is  best  obtained  by  Wohler's  method, 
whidi  is  as  follows : — Four  parts  of  metallic  antimony  are  pow- 
dered with  two  of  dried  eodic  carbonate,  aedti,  and  five  of  sodic 
nitrate.  This  mixture  is  heated  to  redness,  when  oxidation  of  the 
antimony  and  arsenio  (if  the  latter  be  present)  takes  place  at  the 
expense  of  the  oxygen  of  tlie  sodio  nitrate,  and  sodic  antimoni  ite 
and  arseniate  are  formed.  When  deflagration  ceases,  the  luisty 
mass  is  kept  over  the  heat  fur  about  half  an  hour,  the  oper  itor 
now  and  then  squeezing  it  with  an  iron  spatula ;  after  whi<di  it  is 
removed,  and  when  cold,  powdered  and  thrown  into  boiling  ivater ; 
this  dissolves  away  the  arseniate,  while  the  insoluble  antimoniate 
is  left ;  this  is  well  washed  with  hot  water.  It  is  then  re.uoved, 
dried,  and  fused  with  half  its  weight  of  crude  tartar.  The  product 
of  this  fusion  is  next  broken  up  and  thrown  into  water ;  a  copious 
evolution  of  hydrogen  is  at  oace  set  up  from  the  oxidation  of  the 
potassium,  for  the  mass  so  treated  is  an  alloy  of  antimony  and 
potassium.  The  residue  of  this  action  is  a  powder  composed  of 
antimony,  with  any  iron  and  lead  which  may  have  been  contained 
iu  the  original  metal.  To  remove  these,  about  one-third  of  the 
powder  is  treated  with  nitric  acid,  so  as  to  oxidize  it ;  this  portion, 
when  washed  and  dried,  is  mixed  with  the  re^due  of  the  metallic 
powder,  and  the  two  fused  together  in  a  covered  crucible,  by 
which  the  pure  antimony  is  separated  and  subsides  under  a  slag 
composed  of  the  foreign  oxides. 

Properties. —Antiiaotiy  is  a  bluish-white  metal,  which,  from  its 
CTystalline  nature,  readily  breaks  up,  showing  beautiful  clean 
facets.  The  surface  of  a  fused  mass  of  the  metal  is  commonly, 
when  cooled,  covered  with  stellate  crystals,  formed  according  to 
Rommelsberg  by  a  number  of  rhombohedrous,  gradually  decreasing 
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in  siae.  These  are  placed  in  three  parallel  rows,  forming  Uiree 
radiated  groups  from  oue  centre  joiued  at  their  edges. 

By  elow  cooling  it  may  be  obtained  in  distinct  rhombohedrona. 
This  crystalline  condition  is  much  due  to  a  email  amount  of 
impurity,  and,  indeed,  may  be  increased  by  addition  of  other 
metala  —  small  quantities  of  tin,  for  exunple  —  and,  on  the  other 
hand,  Matthiesen  has  shown  that  pure  antimony  is  not  easily 
crystallized. 

It  fuses  at  1150°  P.  {=  6zi°  C),  and  volatiliiee  at  a  white 
heat.  If  exposed  to  air  during  fusion,  it  ia  speedily  oiidized ;  but 
at  ordinary  temperatures  it  is  not  acted  upon  by  the  air.  It  is 
soluble  in  hydrochloric  acid  aided  by  heat,  hydrogen  being 
evolved ;  but  by  nitric  or  sulphuric  acid  tt  is  oxidized.  In  the 
former  case  a  white  insoluble  oxide  results,  and  in  the  latter  a 
sulphate  also  insoluble,  sulphurous  anhydride  being  evolved.  Aqua 
r^a  dissolves  it  readily.  Miller  states  that  '  metallic  antimony 
when  in  fine  powder  is  readily  dissolved  by  digestion  with  a  solution 
of  one  of  the  higher  sulphides  of  potassium,  whilst  the  lead,  iron, 
copper,  bismuth,  or  silver,  which  it  may  contain,  is  left  undis- 
solved. Small  quantities  of  arBCnicum,  or  tin,  if  present,  enter  into 
solution  with  the  antimony.'  The  specific  gravity  of  antimony  ia 
6'7I4;  its  symbol,  Sb'";  atomic  weight,  122. 

CoTnbinalurm. — With  oxygen  antimony  forma  three  com- 
pounds :  the  first,  or  antimontous  oxide,  has  basic  properties,  and 
is  the  base  of  all  aalts  of  antimony ;  the  second  is  antimonic  acid 
(or  anhydride) ;  and  the  third,  a  compound  of  these  two  has  oon- 
sequently  been  termed  antimonious  antimoniate. 

Aiitimonious  oxide  (the  old  teroiide)  is  readily  formed  by 
oxidizing  the  metal  by  meana  of  strong  sulphuric  acid  and  heat : 
thus,  OB  hsta  been  before  stated,  on  evaporating  all  the  residual 
acid  away,  a  white  powder  is  left — the  sulphate  of  the  oxide  in 
question  :  but  to  free  this  entirely  from  sulphuric  acid,  it  is 
digested  in  a  solution  of  an  alkaline  carbonate,  washed  and  dried. 

It  may  be  formed  in  the  dry  way  by  burning  antimony  in  a 
crucible  wherein  the  air  ia  tree  to  enter:  thus  white  fumes  of 
oxide  may  be  condensed  in  convenient  veaaels.     There  ia  alao  a 
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Bcarce  ore  of  antimony  found  native,  called  white  antimony  ore, 
which  ia  antimonious  oxide.  Symbol,  Sb,  0,;  atomic  weight,  391. 
If  antimony  is  treated  with  nitric  acid,  it  ia  ozidiied,  and,  upon 
driving  off  the  acid  by  a  moderate  heat,  a  pale  yellow,  insoluble 
powder  will  be  left.  This  is  the  second  named  oxide,  viz.  anti- 
monto  acid,  or  anhydride,  having  the  composition  Sb,  0{.  If  this 
is  heated  strongly,  one-fifth  of  the  oxygen  will  be  drives  off  and 
the  third  compound  left  as  a  white  powder,  and  of  the  composition 
Sb^  0),  Sb^  0,.  It  is,  in  &ct,  a  sEdt  wherein  one  oxide  plays  the 
part  of  acid,  and  the  other  of  base- 
There  are  two  chlorides,  the  first  or  trichloride,  or  antimonious 
chloride,  is  the  compound  known  as  '  butter  of  imtimony.'  It  may 
be  obtained  by  digesting  sulpfaide  of  antimony  in  strong  hydro- 
chloric acid,  with  the  addition  of  about  a  fourth  its  weight  of 
nitric.  This  is  heated  until  the  solution  from  a  deep  yellow 
becomea  cotourlesa.  If  it  be  evaporated,  and  the  residue  then 
removed  and  distilled,  a  white,  semi-transparent  crystalline  solid  ia 
obtained,  of  about  the  consistence  of  butter.  The  retort  used 
must  be  wide-necked,  or  the  product  will  condense  in  it  and  so 
atop  it  up ;  or  it  may  be  obtained  by  adding  two  parts  of  sodio 
chloride  to  one  of  antimonious  sulphate,  mixing  well  and  distil- 
ling. This  solid  body  is  very  deliquescent,  and  fuses  to  a  colour- 
less oily  liquid,  which  fumea  in  the  air,  and  which,  when  thrown 
into  water,  ia  decomposed,  an  oxychloride  being  precipitated.  Gom- 
poaitiou,  Sb  Clj.  Antimonio  chloride,  or  pentachloride  of  anti- 
mony, may  be  formed  by  passing  dry  chlorine  over  a  quantity  of 
powdered  antimony,  the  latter  being  slightly  heated.  In  this  way 
the  metal  may  be  aaid  to  be  dissolved  by  the  gas,  and  a  denae 
liquid  is  the  result.  When  pure  it  ia  white ;  if  it  has  a  yellow 
tint,  it  contains  chlorine  in  solutjon.  This  is  very  volatile,  and 
evolves  white  denae  ftimea  on  exposure  to  the  air.  Compoaition, 
SbClj. 

Antimony  forms  two  aulphides  corresponding  to  the  two  first 
oxidea,  via.  antimonioua  and  antimonio  sulphides.  The  first,  or 
antimonioua  aulpbide,  ia  the  one  contiuned  in  the  ordinniy  ore  cf 
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antimoity.  It  may  also  be  prepared  in  the  wet  way,  by  digesting 
Kennes'  mineral  with  tartaric  acid.  This  ia  a  oomponnd  of  anti- 
moniouB  sulphide  and  oxide,  the  latter  being  combined  with  a 
portion  of  potaasa.  On  heating  this  in  tartaric  acid,  the  anti- 
moniouB  oxide  and  the  potaasa  are  both  dissolved  out,  and  pure 
tersulphide  is  left.  Or,  if  antimonious  oxide  be  melted  with  sul- 
phur, a  portion  takes  the  oz^en  of  the  oxide  and  forms  sul- 
phurous uihydride,  while  anotlier  portion  combines  with  the  and- 
mony  to  form  antimonious  sulphide,  which  is  left  as  a  ctystsUine 
mass  on  cooling,  i  Sb^  0,  +  9  S  =  i  Sh,  S,  -f-  3  S  0,.  Gom- 
poflition,  Sb  ,  S , . 

Antimonto  sulphide  may  be  obtained  by  passing  dihydric  sul- 
phide into  an  acid  solution  of  antimonio  chloride.  It  falls  as  an 
orange  yellow  powder.  It  combines  as  a  sulphur  acid  with  stil- 
phideH  of  the  alkali  metals  as  basee  forming  salts.  Composition, 
Sb.O,. 

AUoyi. — The  useful  alloys  of  antimony  are  chiefly  those  it 
forma  with  lead  and  with  tin,  constituting  the  various  forms  of 
type-metal,  Britannia-metal,  some  kinds  of  pewter,  &a.  These 
will  be  considered  under  Tin.  T%e  use  of  antimony  in  alloyB  is  to 
harden  them,  and,  moreover,  it  causes  expansion  in  most  alloys, 
and  thence  sharp  casts,  thus  it  is  of  great  value  to  the  type- 
founder. But  in  many  cases  it  renders  an  alloy  brittle,  and  it  is 
when  associated  with  the  noble  metals  or  with  copper,  peculiarly 
injurious  to  them  as  regards  their  malleability,  ductility,  Ac 
Hence  such  alloys  are  never  made  ;  indeed,  it  may  be  said  to  form 
brittle  alloys  with  most  of  the  malleable  metals.  In  r^ard  to 
gold,  its  admixture  is  particularly  to  be  guarded  against,  for  a 
single  grain  added  to  100  of  perfectly  fine  and  malleable  gold,  will 
render  it  completely  brittle  in  testure,  even  i  in  1000  injures  it« 
naalleobility. 

TaU  /or  the  DtUction  of  Antiraonff. — 1.  Dihydric  sulphide 
added  to  an  acidulated  solution  of  antimony  occasions  an  imme- 
diate precipitate  of  very  characteristic  orange-red  colour ;  hut  if 
the  solution  be  alkaline,  no  precipitate  will  be  produced,  and  but  s 
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partial  one  in  a  neutral  Bolution ;  henoe  the  Bulphide  so  thrown 
down  IB  soluble  in  excess  of  potassa.  It  is  also  soluble  in  am- 
monio-hjdrio  sulphide. 

2.  Ammonio-hydric  sulphide  throws  down  the  same,  hut  the 
precipitate  is  soluble  in  exoess  of  the  precipitant.  It  may,  when 
BO  re-diasolved,  be  thrown  down  again  I^  an  acid ;  but  its  oolour 
ia  always  lighter  under  these  <»roumBtaQoe8,  from  sulphur  being 
precipitated  with  it. 

3.  Potash,  or  ammonia,  or  the  carbonates  of  these,  throw  down 
a  bul^  white  hydrate,  but  not  if  the  solution  contain  tartario 
acid.  The  precipitate  when  formed  by  potash  is  soluble  in  ezcesa 
of  alkali,  but  if  by  ammonia  or  alkaline  carbonates,  it  is  nearly  in- 
soluble. 

4.  If  the  solution  be  treated  with  sulphuric  acid,  and  into  this 
metallic  zino  be  put,  the  miiture  evolves  a  gaseous  compound  of 
hydrogen  and  antimony  (antimoniuretted  hydrogen) ;  and  if  the 
gas  escaping  from  the  Jet  of  a  gaa-bottle  be  inflamed,  and  a  plate 
of  oool  porcelain  be  momentarily  held  over  this  flame,  a  deposit 
of  metal  is  formed  as  a  dark  leaden-looking  spot,  just  at  the  point 
of  contact  of  the  flame. 

Lastly,  If  a  hydrochloric  solution  of  antimony  tie  treated  with 
a  quantity  of  water,  an  immediate  precipitate  of  an  oxychloride 
fiills.  This  may  be  dissolved  in  tartaric  acid,  the  addition  of 
which  latter  to  the  water  employed  will  prevent  its  precipitation. 
This  solubility  in  tartaric  acid  distinguishes  it  from  the  analogous 
bismuth  precipitation. 

Eatimatum  of  Antimony. — This  can  only  be  done  by  its  preci- 
pitation as  sulphide,  and  subsequently  separating  the  sulphur  of 
the  latter,  after  having  previously  got  its  weight  Then,  by  esti- 
mating the  sulphur,  the  diflerence  between  its  weight  and  that  of 
the  whole  precipitate  gives  that  of  the  antimony.  We  may 
operate  thus : — To  the  hydrochloric  solution  add  a  little  tartario 
acid,  and  then  pass  in  dihydrio  sulphide.  Thus  the  sulphide  is 
thrown  down.  And  now  all  excess  of  the  precipitant  must  be  got 
rid  of  by  driving  it  off  at  a  temperature  of  about  100"  F.     Wash, 
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dry,  and  weigh  the  Bulphide,  having  iioted  the  weight.  Next  dis- 
solve it  in  aqua  regia  ;  then  mii  thia  with  a  solution  of  tartario 
acid,  and  precipitat«  the  sulphurio  acid  (formed  by  the  oxidation 
of  the  Bulphur  of  the  sulphide)  by  meana  of  chloride  of  barium. 
From  the  weight  of  this  when  waahed,  dried,  and  ignited,  that  of 
the  sulphur  is  got  at ;  and  the  loss  represents  the  antimony. 


CHAPTER  XV. 

DBUHHH,  TlTANinU,  AND  OHBOMIUK. 

TsBee  metals  may  now  be  briefly  examined,  as  some  one  or  more 
of  their  compouada  are  employed  in  the  arts,  and  in  each  case 
principally  as  colouring  agents  in  gkas  and  porcelain-working. 
For  this  purpose  uranium  affords  an  orange  yellow  and  also  a 
black  ;  titaniimi,  a  light  yellow  ;  and  chromium,  a  green  ;  aod  by 
modification  of  treatment,  a  pink  enamel  may  be  obtained  from 
the  latter  also.  The  first  is  one  of  the  fourth  division,  and  the 
secoud  and  third  belong  to  the  third  division  of  metals. 

Uranium. 

The  metal  itself  is  a  white  metal,  resembling  polished  iron, 
somewhat  malleable,  and  of  very  high  specific  gravity.  The 
source  of  this,  as  of  all  prejtarations  of  uranium,  is  principally  from 
a  Bohemian  mineral  called  pitchblende,  a  natural  compound  of 
two  oxides  of  uranium,  the  protoxide  and  sesquioxide,  uranoua, 
and  uranio  oxides.  The  minerals  uranite  and  chalcolite  (coutaia- 
ing  this  metal)  are  comparatively  rare.  From  pitchblende  uranio 
nitrate  is  first  obtained,  and  &om  this  salt  all  other  compounds 
are  prepared. 

The  mineral  is  first  powdered  vety  finely,  afler  beating  and 
qaenohing  in  water,  then  digested  in  dilute  hydroohloric  aoid, 
This  separates  calcic  carbonate,  magnesia,  and  oxides  of  copper, 
and  manganese.  It  is  next  washed,  mixed  with  charcoal  powder, 
and  ignited  strongly ;  this  separatee  arsenio  and  some  sulphur. 
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It  is  now  digested  in  strong  hydrochloric  acid  for  the  Terooval 
of  lead,  iron,  and  copper.  After  which  a  final  roasting  gets  rid  of 
the  remaining  sulphur,  and  aa  much  arsenic  as  possible. 

The  mineral,  bo  for  purified,  is  now  treated  at  once  with  nitric 
acid.  The  solution  so  obtained  evaporated  nearly  to  diynees,  and 
the  residue  subsequently  dissolved  in  water  ;  part  will  remain  un- 
disBolred,  consisting  of  ferric  arseniate,  with  aome  plumbic  sul- 
phate, the  whole  forming  a  red  insoluble  powder.  The  solution  is 
filtered,  in  order  to  separate  this ;  and  dihydrio  sulphide  is  passed 
through  the  mother  liquor  after  removal  of  the  oiystals.  This 
will  throw  down  a  fturther  portion  of  arsenic,  aa  sulphide,  together 
with  cupric  and  plumbic  sulphides.  The  liquor  is  then  filtered, 
and  again  evaporated,  and  set  aside  for  crystallization.  Lastly, 
the  whole  produce  of  uranic  nitrat«  is  purified  by  reciystallisation. 

If  it  be  desired  to  obtain  the  metal,  it  is  done  aa  follows  i-^A 
portion  of  nitrate  is  heated  to  decompoeition.  In  this  way  the 
nitric  acid  is  driven  off,  and  an  oxide  left.  This  is  mixed  with 
some  charcoal,  and  placed  in  a  combustion  tube,  with  an  airange- 
ment  for  evolution  of  dry  chlorine  attached.  The  tube  ia  then 
heated  and  the  gas  passed  into  it.  Thus  it  combines  with  the 
uranium,  and  the  chloride  produced  rises  in  fiimee,  which  condense 
into  green  deliquescent  crystals  in  a  cool  part  of  the  tub&  This 
is  uranouB  chloride,  having  the  composition  U  CI,. 

The  next  step  consists  in  speedily  making  a  mixture  of  this 
with  half  its  weight  of  potassium;  and  the  quantity  operated  upon 
should  be  somewhat  less  than  lOO  grains  of  mixture,  aa  the 
reaction  of  the  two  is  very  violent.  For  this  reason  also  the 
platinum  crucible,  in  which  the  reduction  is  made,  should  have 
its  lid  fastened  on,  and  be  quite  enclosed  in  a  second  and  larger 
pot.  A  gentle  heat  is  at  first  applied,  and  when  the  violence  of 
the  action  is  over,  this  is  raised  so  as  to  volatilise  the  remaining 
potassium  and  also  to  fuse  the  potassic  chloride  formed,  as  well  as 
to  allow  of  the  subsidence  of  the  uranium  in  it.  When  oold,  the 
excess  of  potassium  and  chloride  is  removed  by  solution  in  water, 
the  metal  being  left.     Its  atomic  weight  is  lao.     Symbol,  U. 

There  are  two  simple  oxides  of  uranium,  and  by  their  com- 
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bination  Tith  each  other  two  other  compound  oxides  are  fonned. 
The  first  is  a  protoxide,  or  uranous  oxide;  its  compoeitioa  is 
expressed  b;  the  symbols  U  0. 

The  seoond  is  the  sesquioxide.  This  is  the  one  employed  for 
producing  the  orange-yellow  porcelain  colour.  It  is  prepared  oom- 
meroially  by  precipitating  uranic  nitrate  by  means  of  ammonia : 
but  it  is  not  then  true ;  for  this  oxide  has  a  tendency  to  act  as 
an  acid  in  the  presence  of  alkalis,  and  to  combine  with  them  and 
form  aalta:  therefore,  in  this  case  it  so  combines  with  the  am- 
monia, and  a  hydrated  nranate  of  ammonia  is  produced.  More- 
over, the  ammonia  and  water  cannot  be  driven  off  by  heat,  bo  as 
to  leave  the  oxide  sought,  for  either  the  green  or  black  oxide  will 
be  left,  according  to  the  degree  of  heat  nsed.  The  only  way  to 
obtain  a  true  sesquioxide  consists  in  precipitatjng  the  purified 
nitrate  by  oxalic  acid ;  thus  an  oxalate  is  obtained.  This  is  then  ex- 
posed to  the  sun's  rays,  when  carbonio  anhydride  will  be  eliminated 
by  the  decomposition  of  the  oxalic  acid,  and  a  purplish  powder  is 
lefl,  which  is  the  green  oxide  of  uranium  in  a  hydrated  state.  By 
exposing  this  to  air,  enough  oxygen  will  be  absorbed  to  convert 
the  whole  into  sesquioiide,  and  from  this  last  the  water  may  be 
driven  off  by  heating  carefully  to  570°  Pahr.  (=  300"  C).  The 
anhydrous  sesquioxide  thus  produced  is  a  dull  red  powder,  of  the 
composition  U^O,.  The  operation,  however,  requires  extreme  care 
in  all  its  stages. 

The  black  oxide,  which  is  employed  for  the  black  enamel  of 
porcelain,  is  obttuned  by  heating  intensely  uranic  nitrate.  Thus  n 
black  powder  results,  which  has  the  composition  i  U  0  +  U,  0,. 

The  green  oxide  is  obtained  from  the  last  by  oxidizing  it  in  the 
air,  by  means  of  gentle  heating;  but  if,  when  prepared,  the  heat 
be  raised  strongly,  it  will  be  reconverted  into  the  black  oxide. 
Its  composition  is  U  0  4-  U^  0,. 

Ditcriminatioa  of  Uranium. —  iHt.  Dihydrio  sulphide  gives  no 
precipitate. 

znd.  Ammonio-hydric  sulphide  gives  a  brownish-yellow  sul- 
phide ;  hut  if  the  uraniimi  exist  as  protoxide,  thie  will  be  black. 

3rd.  Potassic  ferrooyanide  gives  a  brown,  just  like  the  preci- 


pitate  formed  by  that  reagent  in  a  copper  solution ;  but  it  may  be 
diatinguiBhed  from  the  latt«r  by  a  portion  of  the  Bolution  not  being 
rendered  blue  on  adding  ammonia. 

TiTASICK. 

The  mineral  rutile,  a  nearly  pure  oxide,  is  the  chief  aouioe  <rf 
the  variouB  preparations  of  this  metal  It  is  a  compound  of  an 
atom  of  titanium,  with  two  of  oxygen.  In  titaniferous  iron,  and  in 
iserine,  this  same  oxide  is  aBsociated  with  that  of  iron.  Titanio 
aoid  is  present  in  many  clays,  and  in  them  has  been  mistaken  for 
ulioa.  The  metal  itaelf  is  commonly  deecribed  as  a  purplish-red 
powder ;  but  it  has  been  shown  by  Deville,  Wohler,  and  othen, 
that  titanium  has  an  extraordinary  affinity  for  nitrogen,  and  that 
the  red  product  of  some  of  the  methods  employed  for  its  prepa- 
ration is  really  titanio  nitride  ;  as  also  are  the  hard,  cubic,  oopper- 
ooloured  crystals,  frequently  found  in  iron  furnaces,  and  which 
have  hitherto  been  regarded  as  the  metal  itself.  These  latter 
contain,  moreover,  a  cortain  quantity  of  titanic  cyanide, 

Deville  obtains  the  metal  in  square  prismatic  crystals,  by  first 
forming  titanic  chloride  ;  for  which  purpose  be  heats  a  mixture  of 
titanic  acid  or  anhydride  and  charcoal  in  a  tube,  and  passes  over 
this  a  stream  of  dry  chlorine  gas.  Having  thus  obtained  a  volatUe 
liquid  (a  bichloride),  he  parses  its  vapour  over  fused  sodium,  and 
thus  gets  the  metal  itself. 

It  is  best  obtained  by  decomposing  the  double  fluoride  of 
titanium  and  potassium,  by  means  of  hydrogen  :  thus  formed,  it  ia 
a  pulverulent  metal  of  a  greyish  tint.  It  is,  however,  very  quiokl; 
oxidized,  and  converted  into  titanic  anhydride  by  a  slight  liaa 
of  temperature,  while  exposed  to  air.  Symbol,  TL  Atomic 
weight,  50.  ■ 

Titanium  forms  three  oxides,  but  it  is  only  the  highest  {viz. 
titanic  dioxide  or  anhydride,  known  as  titanic  acid)  which  is  of 
importance,  this  being  the  one  employed  to  obtain  a  pale  yellow 
porcelain  colour. 

fiutile,  being  nearly  pure  titanic  acid,  ia  employed  for  its 
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preparation ;  for  whicli  purpoae  it  is  powdered  and  mixed  with 
three  or  four  times  its  weight  of  potaasio  carbouate.  Tbeee  are 
pnt  into  a  crucible  and  fuaed,  and  the  mass  so  obtained  snbse- 
quentiy  digested  in  water.  Every  two  proportionals  of  titanic  acid 
will  in  this  way  have  combined  with  one  of  potaasa,  and  formed 
an  insoluble  salt,  which  is  to  be  separated  and  treated  with  hydnH 
ohloric  acid,  and,  when  dissolred,  an  excess  of  oaustto  ammonia  is 
to  be  added  to  the  solutioa  Thus  a  mixture  of  titanic  acid  with 
oxide  of  iron,  and  perhaps  tin  and  manganese,  ia  thrown  down, 
in  which  the  three  latter  may  be  converted  into  sulphides  on 
adding  ammonio-hydric-sulphide,  and  that  without  action  upon 
the  titanium  oxide,  which  remains  as  such.  Next,  a  quantity  of 
sulphurous  add  in  solution  is  poured  upon  the  mixture,  wherel^ 
the  sulphides  will  be  dissolved  and  the  titanic  acid  left.  It  only 
remains  to  wash  thoroughly,  and  diy  it,  and  thus  it  is  a  pure  white 
hydrate  of  titanic  acid. 

Thia  compound  ia  aoluble  in  sulphuric  and  hydrochloric  acids, 
but,  if  heated  strongly,  it  assumes  a  yellow  tint  and  becomes 
anhydroiis.  On  cooling,  it  resumes  ite  white  colour,  but  will  then 
be  insoluble  in  most  acids,  or  in  alkaline  solutions,  except  it  be 
put  into  ixtiling  sulphuric,  or  digested  with  hydrofluoric  acid. 
Composition,  Ti  0^.    Atomic  weight,  Si. 

J}iterimiiiation  of  Titanivm. — The  acid,  from  ite  appearance 
and  chemical  bearings,  may  be  confounded  with  that  of  tin,  or 
with  silica.  From  the  former  it  may  be  distinguished  by  heating 
it  l>efore  the  blowpipe.  Tin,  when  heated  in  the  redacing  flamii, 
would,  on  the  addition  of  a  little  aodic  carbonate,  be  at  once 
reduced  to  a  metallic  bead  ;  but  titanic  acid,  if  mixed  with  borax 
or  microcoemic  salt,  and  exposed  to  the  same  flame,  would  give  a 
blue  glass ;  if  heated  in  the  oxidizing  flame,  the  glass  formed  is 
colourless.  It  may  be  distinguished  ^m  sQioa  by  fusion  with 
hydr&'potassio  sulphate,  by  which  it  will  be  rendered  soluble,  so  as 
to  form  a  clear  solution  on  boihng  in  water ;  silica  being  untouched 
by  Buch  treatment.  ■  ad.  If  a  solution  of  a  titanato  be  tested  by 
potassic  ferrcKsyanide,  an  orange-yellow  precipitete  is  formed,  which 
is  very  characteristic 
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This  metal  exists  in  an  ore  known  as  chrome  iron  ore,  which 
U  a  mixture  of  Besquioxide  of  chromium  with  oxide  of  iron.  From 
this  the  first  preparation  obtfuned  is  always  potassio  ahromat«  <^ 
dichromate,  and  all  other  compounde  are  separated  or  oonvertod 
from  the  latter.  This  is  the  result  of  the  large  applioaUon  of  tho 
dichromate  to  calico-printing  and  dyeing,  which  causes  its  manu- 
&cture  to  be  an  important  one.  It  is  laigelf  carried  on  at 
Glasgow,  and  the  product  sold  under  the  name  of  chrome. 

The  metal  is  obtiuned  by  first  forming  a  chromic  chloride,  uid 
then  decomposing  it  by  potassium :  thus  it  is  obtained  pure,  U 
a  dark-grey  powder,  readily  oxidizable  by  heating  it  in  the  air. 
Fremy  obtains  it  in  a  ciyetalline  condition  by  heating  chromio 
chloride  to  redness  in  a  porcelain  tube.  The  chloride  is  placed  in 
a  boat  or  tray,  and  the  vapour  of  sodium  is  then  passed  over  it, 
which  reduces  the  metaL  It  may,  however,  be  obtained  nearly 
pure  by  heating  a  mixture  of  chromio  oxide  with  one-fifth  its  weight 
of  carbon.  This  is  to  lie  made  into  a  paste  with  oil,  and  then 
heated  for  about  two  hours  in  a  wiud  furnace  :  thus  a  porous  maas 
of  the  metal  is  left,  containing,  however,  a  small  quantity  of  com- 
bined carbon.     Symbol,  Or,     Atomic  weight,  $i'$. 

It  has  been  stated  that  the  compounds  of  chromium  are 
obtained  from  chrome  iron  ore,  by  first  forming  potassic  di- 
chromate. Now,  aa  the  ore  is  not  attacked  by  acids  at  all  easily, 
the  first  step  in  this  preparation  is  powdering  it ;  after  which  it  is 
mixed  with  sufficient  nitre  to  oxidize  the  chromium ;  a  quantity 
of  potassic  carlmnate  being  also  used  :  these  are  expoeed  to  a  red 
heat  in  a  reverberatory  furnace,  aud  during  the  heating  oonatant 
raking  is  kept  up,  in  order  to  expose  the  whole  well  to  air,  and  so 
facilitate  the  changes  to  be  produced.  Thus  the  chromio  oxide, 
by  the  oxygen  of  the  nitre,  becomes  converted  into  chromic  acid ; 
this  decomposes  the  potaaaio  carbonate  by  combining  with  its 
aliuli.  IhB  roaeted  materials  are  next  digested  in  water ;  thus 
the  new-formed  salt  is  dissolved,  and  on  insoluble  residue  left; 
but  as  the  latter  is  not  yet  exhausted  of  the  '  chrome,'  it  is  set 
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aside  for  a  second  treatment.  The  yellow  solution  is  filtered  or 
syphoned  off,  and  just  neutraliHed  with  nitric  or  sulphnrio,  or 
bett«r,  with  acetic  acid.  Tbua  the  salt,  which  originally  was  a. 
neutral  cbromate,  is  converted  into  a  diohromatb,  which  heing  a 
&r  lesa  soluble  salt  than  the  former,  much  contribatee  to  ita 
purification  from  adherent  potaasic  nitrate.  Hence  also  the  pre- 
ference to  be  given  to  acetic  acid  in  its  preparation,  for  with 
potassa  this  acid  forma  an  eioeedingly  soluble  salt,  much  more  so 
than  potaasic  nitrate,  which  results  from  using  nitric  acid ;  while 
potasaic  sulphate,  which  is  formed  where  sulphuric  is  employed,  ia 
yet  more  insoluble,  and,  therefore,  economy  in  the  price  of  acid  ia 
the  only  reason  for  employing  the  latter.  The  potassic  dj- 
chromate  so  obtuned  forms  beautiful  red  four-aided  tabular 
crystals,  &om  which  neutral  cbromate  ia  best  formed  by  dis- 
solving them,  adding  a  proportional  of  potasaic  carbonate,  and 
recrystaUizing. 

Chromium  forms  four  oxides.  The  two  firet,  viz.  the  protoxide 
or  chromous  oxide,  Cr  0,  and  the  seaquioxide  or  chromic  oxide 
Cr,  Oj  have  basic  propertiea.  The  third  is  a  compound  one, 
formed  of  one  proportional  of  Cr  0  with  one  of  Crj  Oj.  The 
fourth  is  chromic  acid  or  anhydride  Cr  Oj.  A  fifth  has  been 
described  as  compoaed  of  H  Cr  O^,  but  it  is  little  known. 

Of  theae,  the  one  employed  as  a  porcelun  coloiur  is  the  seaqui- 
oxide, in  its  anhydrous  state,  wherein  it  is  but  little  acted  upon 
by  acids,  and  may  be  employed  with  moat  fluxes,  and  ao  heated 
strongly  without  change.  It  ia  this  oxide  which  gives  colour  to 
the  emerald,  and  also  to  some  analogous  minerals.  It  may  be 
prepared  by  aeveral  methods,  but  of  these  the  three  following 
may  be  taken  aa  most  practical 

ist  Potassic  dichromate  is  put  into  a  crucible,  and  heated  to 
a  white  heat.  Thus  it  ia  converted  into  neutral  ohromate,  and 
the  atom  of  chromic  acid  taken  away  loses  as  much  of  ita  oxygen 
as  leavea  it  in  the  atate  of  aesquioxide  of  chromium.  The  fused 
mass  ia  treated  with  water ;  by  this  the  chromate  is  dissolved,  and 
the  oxide  remains  as  a  green  powder. 

ind.  Potaasio  ohromate  ia  added  to  a  solution  of  mercurona 
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nitrate ;  thus  a  precipitate  is  formed  of  mercurous  chromate.  This 
is  washed,  dried,  and  heated  to  redness.  The  whole  of  the 
mercury  is  thus  volatilized,  and  with  it  a  portion  of  the  oxygen ; 
the  sesquioxlde  of  chromium  being  left. 

3rd.  Potassic  dichromate  may  be  heated  in  a  charcoal-lined 
crucible^  or  in  an  ordinary  pot,  if  previously  mixed  with  one-fourth 
its  weight  of  starch,  both  being  powdered  together.  This,  by 
oxidation,  produces  carbonic  anhydride,  which  converts  the  potassic 
dichromate  into  carbonate ;  the  sesquioxide  of  chromium,  result- 
ing from  the  decomposed  chromic  acid,  will  be  separable  by 
washing  away  the  alkaline  carbonate. 

Sesquioxide  of  chromium  is  a  deep-green  powder.  In  its  an- 
hydrous state  it  is  little  soluble  in  acids ;  but  when  hydrated,  as 
when  precipitated  by  the  action  of  alcohol  on  potassic  dichromate, 
it  dissolves  readily  in  acids,  forming  uncrystc^Uizable  salts.  The 
anhydrous  variety  produces  a  deep-green  enamel  upon  porcelain 
when  used  alone,  but  a  beautiful  rose-pink  may  be  obtained  alsa 
In  the  pink  colour,  however,  it  is  probable  that  the  oxide  is  one  of 
higher  degree  of  oxidation. 

The  material  for  its  production  is  thus  prepared : — Four  parts 
of  potassic  chromate  are  mixed  with  34  parts  of  chalk  and  100  of 
stannic  oxide.  These  are  heated  to  redness  in  a  crucible,  and 
the  resulting  mixture  powdered,  and  then  treated  with  weak 
hydrochloric  acid  until  it  assumes  its  proper  tint,  viz.  a  fine  rose- 
pink.     This  is  much  used  in  earthenware  painting. 

Composition  of  sesquioxide  of  chromiimi,  Cr^  0^.  Atomic 
weight,  153. 

In  the  discrimination  of  chromiimi  the  reactions  vary  according 
to  the  degree  of  oxidation  of  the  metal ;  but  the  following  tests 
are  indicative  of  the  sesquioxide  in  solution : — 

1st.  Dihydric  sulphide  gives  no  precipitate. 

2d.  Potassic  sulphide  throws  down  the  green  sesquioxide,  set- 
ting free  dihydric  sulphide. 

3d.  Potash  or  soda  precipitates  a  hydrated  sesquioxide.  The 
precipitate  is  soluble  in  excess  of  the  former,  but  it  will  bo  ro* 
precipitated  again  on  boiling,  or  on  addition  of  anmionic  chloride. 
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4tfa.  Ammonia  throws  down  hydrated  chromic  oxide,  varpng 
as  to  appearaDoe,  dependent  on  oonoentration  of  the  solution, 
method  of  precipitation,  && 

;th.  If  Besquioxide  of  chromium  be  Rieed  with  potasaic  nitrate, 
potassic  chromate  is  fbrmed  ;  which  latter,  as  all  salts  of  chromic 
acid,  may  be  distiuguiaheii  by  the  yellow  precipitate  they  give  in 
salts  of  lead,  and  the  red  one  in  a  solution  of  argentic  nitrate. 

6th.  Before  the  blowpipe,  if  heated  with  microcosmic  salt  in 
either  flame,  a  glass  is  prodnoed,  which  is  yellowiah-green  while 
hot,  and  emerald-green  upon  becoming  cold. 
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AB8ENI0. 


The  metal  arsenic,  or  arsenicum,  may  be  obtained  in  the 
laboratory  from  its  most  conmion  compound,  viz.  arsenious  acid 
or  anhydride  (the  white  arsenic  of  the  shops),  by  simply  heating 
the  latter  with  two  parts  of  black  flux,  or  with  powdered  charcoal. 
For  this  purpose  an  intimate  mixture  is  made  of  them,  and  placed 
in  a  crucible ;  upon  this  a  second  one  is  luted,  and  just  down  to 
the  lute-junction  a  perforated  plate  of  iron  is  sHpped  over  the 
upper  one  :  this  protects  the  latter  from  heat  during  the  reduction 
of  the  metal.  The  lower  pot  is.  then  well  heated  up,  and  the 
reduced  arsenic,  being  volatile,  sublimes,  and  is  condensed  in  the 
upper,  cooler  pot 

But  the  metal  is  reduced,  on  the  large  scale,  generally  from 
some  arsenical  ore,  and  mispickel,  or  arsenical  pyrites,  is  the  one 
most  in  use.  This,  when  pure,  contains  42*88  per  cent  of  arsenic. 
It  is  an  arsenio-sulphide  of  iron  (Fe  As  S).  This  is  roughly 
powdered  and  heated  in  long  retorts  of  from  4  to  5  feet  in  length, 
some  pieces  of  iron  being  first  mixed  with  it.  A  receiver  being 
luted  on,  the  retort  is  heated  to  a  moderate  temperature,  when 
the  arsenic  sublimes  off  and  condenses  in  the  receivers.  This 
product  is  less  pure  than  that  reduced  from  arsenious  anhydride, 
and  is  purified  by  a  second  sublimation,  but  it  is  sufficiently  so 
for  its  uses  as  an  alloying  metaL  It  is  used  for  alloying  lead  in 
making  shot ;  also  in  some  forms  of  opal  glass. 

Thus  it  forms  a  steel-grey  brittle  cake,  of  crystalline  texture ; 
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but  it  BOOH  loses  its  briltiaucy,  and,  if  eipoaed  to  damp  air,  it 
blftckene,  crumbles,  and  partly  decomposes.  It  ia  easily  powdered, 
is  volatile  at  360°  F.  =  181°  C,  and,  like  all  the  compoundB 
of  araenic,  evolves  a  peculiar  odour  of  garlic.  Ita  specific  gravity 
is  about  5"9o;  symbol,  Aa";  atomic  weight,  75-  lo  England  much 
arsenic  is  obtained  from  ores  of  tin,  the  roasting  of  which  evolves 
arseniouB  anhydride ;  but  on  the  Continent  arsenical  cobalt  and 
the  araenical  pyrites  mentioned  are  the  chief  sources. 

The  important  compound  of  arsenic  is  the  sesquioiide,  or 
arsenious  acid,  or  anhydride,  and  at  many  places  the  production 
of  this  is  the  first  operation  upon  the  ore.  At  the  Silesian  works 
arsenical  pyrites  is  first  roasted  in  a  furnace  constructed  with  a 
large  muffle-like  chamber,  so  placed,  as  that  the  flame  and  heat  of 
a  separate  fire  shall  well  circulate  round  it  About  half  a  ton  of 
the  powdered  ore  is  placed  in  the  muffle  at  a  lime,  being  spread 
evenly  over  the  floor.  A  dull  red  heat  being  got  up,  it  is  steadily 
uuuntained  for  about  twelve  hours,  towards  the  latter  part  of 
which  time  it  is  allowed  to  &11  somewhat.  From  the  back  of  the 
muffle  an  opening  passes  into  a  large  condensing  room — a  large 
chamber  placed  behind  the  furnace  ;  from  this  any  unoondensed 
matters  pass  to  a  second  and  third,  and  again  from  these  into  the 
first  of  a  series,  called  at  the  Silesian  works  at  Altenberg  '  the 
poison-tower,'  and  composed  of  some  three  floors  of  double  cham- 
bers. From  the  last  and  upper  one  a  flue  passes  out  into  the  air, 
and  by  this  much  sulphurous  anhydride  (which  is  uncondcnsable) 
passes  away.  The  continual  current  passing  through  the  appa- 
ratus serves  to  waft  the  arsenical  vapours  into  the  chamliers  ;  and 
they  will  be  all  condensed,  the  products  in  the  first  chambers 
being  the  purest,  those  condensed  farthest  from  the  muffle  being 
generally  contaminated  with  sulphide  of  arsenic,  from  combination 
with  sulphur.  The  chambers  are  leR  firom  six  weeks  to  two 
months  between  each  emptying,  and  the  dry  pulvenilent  condition 
of  the  product  makes  the  operation  one  of  much  danger  to  the 
operatives  who  are  clad  for  the  purpose  in  a  close  dress  of  leather 
and  with  their  mouths  and  nostrils  protected  by  a  kind  of 
respirator  formed  of  wet  cloths. 
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The  first  product  is  from  its  impurity  submitted  to  sublima- 
tion. At  Eeichenstein,  for  this  purpose,  a  series  of  deep  iron  or 
earthen  pots  are  set  in  ordinary  stove-holes,  the  latter  working 
into  a  common  shaft  or  flue.  Upon  the  flange  formed  to  each  pot 
is  built  up  a  series  of  ring-connecting  pieces,  and  on  the  top  of 
these  a  funnel-shaped  connector  rises  up  and  terminates  in  a  large 
condensing  chamber,  formed  well  up  above  all 

The  pots  are  charged  with  the  crude  acid,  and  then  all  joints 
well  hited  up.  A  gentle  fire  is  then  got  up  to  each,  and,  after 
about  half  an  hour,  raised  and  maintained  at  a  proper  heat  for 
aubliming  the  acid.  After  about  twelve  hours  a  charge  of  about 
3  cwt.  will  all  have  worked  up  into  the  cylinders  above  the  pots, 
where  it  is  found  as  a  vitreous  mass,  if  the  heat  has  been  well 
managed. 

The  upper  portions,  again,  being  less  pure,  are  reserved  for 
re-sublimation  with  a  fresh  charge  of  rough  acid.  The  condensing 
chamber  above  serves  to  retain  any  which  may  rise  if  too  great 
heat  has  been  used,  as  also  the  sulphur  products  separated*from 
the  rough  acid. 

Arseuious  anhydride,  as  thus  prepared,  is  a  clear,  semi-trana- 
parent  solid,  lamellated,  as  might  be  expected,  from  its  gradual 
deposit  by  sublimation.  By  exposure  to  air  it  soon  loses  its  trans- 
parency and  whiteness.  Sublimation  may  be  eflected  at  about 
380^  F.  (=  193^  C),  and  it  may  be  condensed  in  small  clear 
tetrahedra  and  octohedra.  In  commerce  it  is  usually  sold  as  a 
white  powder,  which,  when  examined  by  a  lens,  is  found  to  consist 
of  such  minute  crystals.  It  combines  with  bases  as  an  acid,  and 
in  this  way  forms  many  valuable  salts.  Thus  tripotassic  arsenite, 
the  essential  ingredient  of  *  Fowler's  solution,'  forms  a  medicine 
much  used  internally.  Cupric  (or  hydro-cupric)  arsenite,  known 
as  '  Scheole's  green,'  constitutes  a  valuable  pigment ;  and  there  is 
a  somewhat  similar  pigment,  composed  of  three  proportionals  of 
cupric  arsenite  combined  with  one  of  cupric  acetate. 

Arsenious  anhydride  is  powerfully  antiseptic,  preventing  de- 
composition in  organic  substances. 

Arsenious  anhydride  dissolves  in  hot  hydrochloric  acid,  and  by 
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treating  it  with  nitric  it  is  converted  into  aa  acid  of  higher  grade, 
viz.  the  arsenic  acid.  The  Bame  change  ia  produced  by  warming 
the  hydrochloric  solution,  and  adding  potassic  chlorate  in  small 
repeated  quantities. 

Arsenic  acid  is  a  compound  of  Aa^  Oj,  and  forms  a  white  mass, 
which  is  capable  of  crystallization ;  but  both  in  this,  oa  in  ,itB 
amorphous  state,  it  is  very  deliquescent.  It  forms  with  bases  an 
important  class  of  salts  called  arseniates.  The  composition  of 
anenious  anhydride  or  acid  is  As,  0,.     Atomic  weight,  19S. 

The  bodies  known  as  orpiment  are  sulphides  of  arsenic.  The 
red  variety,  or  realgar,  is  at  times  found  native,  in  a  crystalline 
state.  It  may  be  prepared  artificially  by  heating  too  parts  of 
arsenious  acid  with  $j  of  sulphur.  It  forma  a  scarlet  ajnorphous 
substance,  which,  when  powdered,  gives  an  orange-yellow  powder. 
It  is  composed  of  As^  Sg . 

Yellow  orpiment  ia  a  sesqui-sulphide,  and  is  used  in  the  pig- 
ment kings'  yellow ;  it  is  found,  at  times,  native,  but  prepared 
artificially  by  passing  dihydric  sulphide  gas  through  a  solution 
containing  arsenious  anhydride.  Thus  it  falls  as  a  brilliant  yellow 
powder,  consisting  of  As,  Sj.  If  this  same  plan  be  followed  and 
the  gas  passed  for  some  days  through  solution  containing  arsenic 
acid,  a  similar  precipitate  wilt  be  obtained,  but  composed  of  Asg 
S„  and  known  as  sulpharsenic  acid,  or  diarsenic  pentasulphide. 

Arsenic  forms  alloys  with  other  metals,  and,  in  ao  doing,  it 
lowers  their  Rising  point;  but  in  all  cases  it  renders  them  vety 
brittle,  even  when  combined  in  very  small  proportion.  It  is  most  . 
destmctiTe  to  the  malleability  of  gold. 

Ditcrimiaation,  of  Artmic. — ist.  An  acid  solution  will,  if 
aiaenic  be  present,  give  a  yellow  precipitate,  on  passing  dihydric 
sulphide  gas  through  it  for  some  hours.  This  precipitate  is  nearly 
insoluble  in  hydrochloric  acid,  but  solnbie  in  alkalis  or  their 
carbonates,  also  readily  in  ammonia;  and  if  the  ammonia  be 
evaporated  off  at  a  low  temperature  the  arsenious  sesqui-eulphide 
left  may  be  reduoed  by  heating  in  a  tubs  after  mixing  it  with 
black  flux.  Cadmio  and  stannio  salts  also  give  lemon-yellow 
precipitates  with  dihydric  sulphide,   but  cadmium  may   y»  dis- 
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tinguished  from  arsenic  by  the  sulphide  not  being  soluble  in 
ammonia;  and  stannic  sulphide  in  not  volatilizing  on  reducing 
with  black  flux. 

2d.  Ammonio-hydric  sulphide  produces,  under  the  same 
circumstances,  a  precipitate  of  sesquisulphide  ;  but  if  the  solution 
be  alkaline,  or  even  neutral,  a  soluble  double  salt  is  formed — in 
fact,  a  sulphur  salt,  composed  of  arsenic  sulphide  with  ammonium 
sulphide ;  and  hence  no  precipitate.  Acids  will,  however,  throw 
it  down,  but  diluted  in  colour  from  admixture  of  some  free 
sulphur,  separated  from  the  alkaline  sulphide  also  by  the  acid. 

3.  If  ammonia  be  added  to  argentic  nitrate  its  oxide  will  be 
precipitated;  if  the  addition  be  then  carried  on  until  the  oxide 
thrown  down  is  nearly  re-dissolved,  we  get  in  the  clear  liquid  a 
solution  of '  ammonio-nitrate  of  silver.'  This  is  an  excellent  test, 
as  it  precipitates  arsenious  acid  as  an  aigentic  arsenite — a  beautiful 
lemon-yellow  precipitate.  This  is  soluble  in  nitric  acid,  and  in 
ammonia;  but  as  phosphoric  acid  will  throw  down  argentic 
phosphate  precisely  similar  chemical  characters,  this  test  must  be 
trusted,  only  if  others  concur  with  it  in  giving  evidence  of  the 
presence  of  arsenic. 

4th.  An  '  ammoniacal  sulphate  of  copper'  (similarly  made  to 
the  silver  salt)  will  give  an  apple-green  precipitate. 

5th.  If  any  solid  matter  contain  arsenic,  and  it  be  mixed  with 
a  little  black  flux,  dried,  and  heated  in  a  glass  tube,  free  from  lead, 
we  get  a  sublimate  of  dark  grey  metallic  arsenic  deposited  upon  a 
cool  part  of  the  tube. 

6th.  Arsenical  compounds,  when  heated  with  a  little  sodio 
carbonate  in  the  reducing  flame  of  the  blowpipe,  give  a  most 
characteristic  odour  of  garlic,  due  to  the  vapour  of  metaUic  arsenic 
reduced  by  the  flux. 

7.  Reinsch's  test  depends  upon  precipitation  upon  a  clean 
surface  of  metallic  copper.  The  solution  acidulated  by  hydrochloric 
acid,  has  a  slip  of  copper  put  into  it,  and  upon  this  if  arsenic  be 
present  even  in  very  minute  quantity  a  grey  film  of  metal  forms. 
The  slip  is  removed,  washed  in  water,  and  then  heated  in  ammonia, 
thus  small  scales   separate    which   Fresenius  says   are  'not  of 
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metallio  anenio,  but  ouprio  arBenide,  and  that  if  this  8iiT»tanoe, 
either  ^mplj  dried,  or  oxidized  by  ignitioii  ia  a  cuireut  of  lur 
(which  IB  attended  with  the  escape  of  some  arseiiiouB  acid),  is 
heated,  there  escapes  relatively  but  litUe  arsenic,  alloys  richer  ia 
oopper  beiug  left  behind.' 

Bat  oopper  will  similarly  precipitate  mercury,  silver,  lead, 
bismuth,  cadmium,  and  antimony.  None  of  theae  are  volatile 
except  mercury,  and  this  may  be  distinguished  &om  arsenic  by  ita 
vapour  condensing  in  metallio  globules,  while  arsenic  forms 
crystals  of  araenious  acid  or  anhydride. 

Stb.  Marsh's  test  may  be  employed.  It  ia  founded  upon  the 
fact  that  arsenic  will  combine  with  hydrogen  and  form  a  com- 
bustible gas,  from  which  the  arsenic  may  subsequently  be  se- 
parated, by  passing  the  gas  through  a  tul>e  heated  to  redness. 

It  is  carried  out  thus  : — A  flask  is  fitted  up  for  the  evolution 
of  hydrogen,  and  into  this  are  put  some  perfectly  pure  dilute 
sulphuric  acid  and  a  few  fVagmenta  of  pure  cine — at  least  as  far 
as  to  its  contamination  with  arsenic.  To  the  flask  a  small  calcic 
chloride  tube  is  attached,  in  order  roughly  to  dry  the  gas.     Then 
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from  the  tatter  a  small  German  glass  tube  ia  carried  out  and 
turned  up  at  the  end,  the  point  being  drawn  into  a  jet.  When 
the  air  has  been  driven  from  the  apparatus,  and  gas  escapes  from 
the  jet,  the  substance  to  be  examined  is  introduced  by  means  of 
the  funnel-tube.  Next,  the  gas  may  be  lighted ;  and  if  a  piece 
of  cool  porcelain  he  then  brought  suddenly  down  on  the  flame, 
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and  quickly  removed,  it  will  have  a  deposit  of  arsenic  formed 
upon  it  as  a  brownish-black  spot ;  or  the  tube  may  be  heated  by  a 
lamp,  as  in  the  drawing ;  when  the  gas,  in  passing  this  hot  point, 
will  be  decomposed,  and  its  arsenic  deposited  as  a  crust  just 
beyond  the  hot  part.  This  test  is  most  delicate ;  and  although 
the  same  result  is  obtained  from  antimony,  the  two  may  be  dis- 
tinguished, as  the  antimony  spot  is  always  of  a  dark  blue-black, 
while  that  from  arsenic  is  brown  in  colour.  Dr.  Guy  has  shown 
that  the  former  is  immediately  dissolved  when  a  drop  of  amnionic 
sulphide,  in  which  a  little  sulphur  has  been  dissolved,  is  added 
to  it,  the  orange-coloured  antimonial  sulphide  appearing  as  the 
anunonia  evaporates.     These  effects  do  not  occur  with  arsenic. 

The  presence  of  arsenic  has  often  to  be  sought  for  in  metallic 
copper,  and  for  this  Odling  gives  a  very  delicate  and  quick 
process  in  the  Journal  of  the  Chenucal  Society ,  vol.  xvi.  1863, 
p.  248. 

A  few  grains  of  the  copper  is  cut  in  fine  pieces,  and  put  in  a 
small  tube-retort  with  excess  of  hydrochloric  acid,  and  as  much 
'ferric  hydrate  or  chloride*  as  contains  a  quantity  of  iron  equal 
to  about  double  the  weight  of  the  copper.  It  is  distilled  to 
drjmess  with  care  at  last,  to  prevent  spurting.  The  copper  is 
thus  quickly  dissolved,  and  any  arsenic  carried  over  as  chlorida 
This  is  condensed  in  a  little  water  with  excess  of  hydrochloric 
acid.  The  distillate  may  then  be  tested  for  arsenic  by  dihydric 
sulphide,  or  preferably  by  boiling  in  it  a  fresh  piece  of  clean 
copper  foil  or  gauze.  In  some  cases  the  residue  in  the  retort  is 
again  treated  with  acid  and  distilled,  the  distillate  being  added  to 
the  first  one  for  testing.  Odling  further  says,  that  most  other 
oxygenants  than  ferric  chloride  gives  rise  to  free  chlorine,  which 
passes  over  and  renders  the  product  unfit  for  inmiediate  testing 
with  dihydric  sulphide  or  with  copper.  The  ferric  chloride  used 
is  freed  from  arsenic  by  evaporating  once  or  twice  to  dryness  with 
excess  of  hydrochloric  acid. 

JEstimation. — In  almost  all  compounds  arsenic  may  be  es- 
timated as  tersulphide.  This  is  washed  and  dried  at  212^  F.  and 
weighed ;  but  if  any  substance  is  also  present  which  would  throw 
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dovn  sulphur  from  the  dihydrio  sulphide,  this  addition  would 
give  too  high  an  estimate.  In  auoh  cose  the  precipitat«  ie 
oxidized  by  strong  nitric  acid,  and  the  aulphuric  acid  so  produced    . 

precipitated  as  baric  sulphate,  by  adding  baric  chloride  or  nitrate. 
The  baric  sulphate  is  next  weighed,  and  from  this  the  weight  of 
Bulphur  is  calculated.  This  sulphur,  deducted  from  the  original 
weight  of  the  sulphide,  leaves  that  of  the  arsenic,  which  may  ba 
volatilized  to  prove  the  absence  of  any  non-volatile  metal 

By  many  chemists  arsenic  is  not  regarded  as  a  metal,  although 
it  possesses  the  general  characters  of  such ;  that  is  to  say,  it 
conducts  electricity  and  heat,  and  has  considerable  metallic  lustre. 
But  its  combinations  with  osygen  are  both  acids,  and  unite  with 
bases  to  form  salts  in  each  ease.  At  present  we  know  of  no  basic 
oside. 

The  applications  of  the  metal  too,  as  such,  are  very  limited, 
the  chief  one  being  for  alloying  lead  for  the  production  of  shot. 
It  also  lowers  the  fiimng  point  of  alloys  considerably. 
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CHAPTER  XVII. 


iROir. 


Iron  has  not  only  been  known  from  the  earliest  ages,  but  its 
peculiar  uses  specified.  It  is  mentioned  in  the  Book  of  Job,  and 
Moses  speaks  of  'an  instructor  of  artificers  in  iron' — thus  in- 
dicating that  it  was  worked  and  manufactured  as  early  as  the 
sixth  generation  from  the  creation  of  the  world  ;  and  its  applica- 
tion to  instruments  of  agriculture  and  of  war  is  learned  from  the 
same  soiut^es.  Its  ores  are  very  largely  distributed,  but  those 
rich  enough  to  be  economically  smelted  are  confined  to  certain 
districts.  Its  reduction  is  exceedingly  simple,  and  more  es- 
pecially so  when  reduced  from  its  oxides,  for  the  mere  heating  of 
these  in  contact  with  carbonaceous  matters  suffices  to  reduce  the 
metal,  hence  in  early  times  its  metallurgy  was  very  simple. 
It  is  possible,  too,  that  some  small  quantities  may  have  been 
employed  as  found — in  a  native  state — as  such  iron  is  veiy  soft 
and  pure.  At  the  present  time,  specimens  occasionally  come  to 
the  hands  of  mineralogists.  Meteorites  are  less  pure  than  native 
iron ;  in  them,  it  is  invariably  associated  with  nickel,  and  they  also 
contain  traces  of  cobalt,  copper,  and  other  metals.  In  the  many 
specimens  examined,  the  iron  ranges  from  67  to  94  per  cent ;  the 
nickel  from  6  to  24.  Their  masses  generally  range  frx>m  a  few 
pounds  in  weight  to  a  ton  or  more.  If  cut,  and  the  surfieuse  is 
polished,  and  then  acted  upon  by  nitric  acid,  a  kind  of  etching  action 
goes  on ;  the  acid  acting  on  spaces  between  bands  of  untouched 
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metal  which  okmb  'the  mass  in  two  or  three  direotiona,  and  in 
theae  the  niokel  is  mora  abundant  than  in  other  parts,  for  it 
is  not  equally  difiiised  in  the  t^of.  My  friend,  Mr.  Teny, 
of  Fulham,  has  a  veiy  fine  collection  in  bia  cabinet,  and  in 
some  of  these,  the  marks  above  mentioned  are  particularly  well 
shown. 

Iron  ia  univeraally  present  in  nature,  few  substances  being 
free  from  it :  thus,  even  the  human  body  contains  no  incon- 
siderable quantity,  where  it  exists  in  the  blood. 

Native  iron  may  be  disregarded,  as  occurring  in  such  very 
small  amount  as  to  be  really  but  a  mineralogioal  curiosity.  Its 
chief  ores  may  be  classed  as  oxides  and  carbonates.  I^rge 
amounts  of  sulphides  exist,  but  these  are  not  employed  as  sources 
of  the  metal. 

The  carbonates  are  the  ores  &om  which  in  Oreat  Britain  our 
iron  is  obtained ;  and  as  we  are  by  far  the  largest  producers,  they 
may  be  said  to  be  the  most  important  ones.  They  are  found  in 
beds  in  the  ooal-foTmation,  and  alternating  with  layers  of  ooaL 
Thus,  in  En^rUnd,  the  ore  and  fuel  are  found  at  the  same  spot ; 
and  it  may  be  remarked  that  the  limestone  employed  as  a  flux  is 
also  equally  near  at  hand,  as  also  those  peculiarly  resisting  clays 
used  for  fire  material  in  the  construction  of  our  iron  furnaces. 
Considering  this,  it  will  be  evident  that  we  have  very  extraor- 
dinary advantages  in  this  manufactura,  depending  upon  these 
facilities. 

The  ores  may  be  considered  in  the  order  of  the  amount  of  iron 
they  contain : — 

ist.  Magnetic  oxide.  Thie  contains,  when  pure,  71*41  per  cent 
of  iron.  It  is  found  massive  in  enormous  quantities,  and  occa- 
sionally crystalline  in  octohedra  and  dodeoahedra.  Swedish  iron, 
which  is  excellent  in  quality,  is  chiefly  obtained  from  this  ore ; 
and  it  is  also  fi>und  largely  in  Norway,  and  in  the  United  States 
and  Canada.  In  some  localities  it  exists  as  a  black  shining  sand, 
as  at  Taranaki  in  New  Zealand,  Nellore  in  India,  and  some  other 
places.  These  sands  furnish  excellent  steel,  Wootz  steel  being 
produced  from  the  latter.     The  Taranaki  sand  contains  a  oon- 
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siderable  quantity  of  titanium,  on  which  its  steel-making  quality 
is  said  to  depend.  Its  composition  is  3  atoms  of  oxygen,  with  4 
atoms  of  iron,  or  1  ato.m  of  ferrous  with  i  of  ferric  oxide.  Specifio 
gravity,  5  09. 

2d.  Specular  iron  ore  and  red  heematite  are  both  anhydroiu 
sesquioxides.  The  latter,  when  pure,  contains  70  per  cent  iron. 
The  first,  or  specular  ore,  is  common  in  Sweden  and  Russia,  and 
also  at  Elba;  and  the  second,  haematite,  in  Cornwall  and  Lan- 
cashire, as  also  in  France.  The  specific  gravity  of  specular  ore 
is  5*2,  and  of  red  haematite  about  g'o. 

3d.  Brown  heematite  is  a  hydrated  sesquioxide,  which  contains 
14*44  per  cent  water,  and,  when  pure,  59*89  per  cent  iron.  The 
varieties  of  ochre,  umber,  and  bog  iron  ore  are  similar  ores :  the 
two  first  contain  clay  and  earthy  matters,  and  the  latter  some 
ferric  phosphate.  The  ores  of  France  and  Belgium  are  brown 
haematites,  and  Percy  says  that  those  exhibited  by  Belgium  in 
1862  averaged  about  30  per  cent  iron.  Specific  gravity,  about 
3*9.  The  composition  of  the  anhydrous  sesquioxides  is  Fe^  O,, 
and  of  the  hydrated,  Fe^  0,,  3  H,  O, 

4th.  Spathose  iron  ore  is  a  crystalline  variety  of  the  carbonate ; 
it  is  of  a  light  brown  or  grey  colour,  and  has  a  pearly  lustre  ;  it 
contains  a  large  proportion  of  carbonates  of  manganese  and  of 
magnesia.  When  pure,  it  should  contain  48*27  per  cent  Ck>m- 
position,  Fe,  CO,;  specific  gravity,  3*8. 

5th.  The  impure  carbonate  or  argillaceous  ores  worked  in  Great 
Britain  are  known  as  clay  band  and  black  band  ores.  The  first  is 
the  ore  of  South  Staffordshire  and  Wales,  and  it  is  also  found  in 
Belgium  and  in  the  United  States  ;  the  second  is  found  in  the 
iron  districts  of  Scotland,  and,  in  addition  to  earthy  impurities, 
contains  an  amount  of  coaly  or  bituminous  matter,  which  often 
rises  as  high  as  10  per  cent,  or  at  times  higher.  This  gives  it  a 
darker  colour,  whence  its  nama  It  contains  from  20  to  43  per 
cent,  and  the  bituminous  matter  is  serviceable  as  so  much  fuel  in 
the  smelting  operations. 

The  average  analysis  of  clay-band  gives  about  37  parts  of 
protoxide  of  iron,  33  of  carbonic  acid,  and  30  of  earthy  matters, — 
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these  latter  composed  of  lime,  silica,  alumina,  and  magnesia.  This 
corresponds  to  about  28  parts  of  metallic  iron. 

The  sulphides  are  classed  under  the  name  of  pyrites,  the  most 
common  one  being  a  compound  (more  or  less  crystalline)  of  one 
atom  of  iron  with  two  of  sulphiu" ;  it  varies  in  colour  &om  white 
to  a  yellow, — at  times  so  nearly  resembling  gold  as  to  have  led  it 
to  be  mistaken  for  the  latter,^a  variety  which  is  magnetic,  and 
hence  so  called ;  it  is  always  of  a  deep  colour,  and  composed  of 
7  atoms  of  iron  with  8  of  sulphur.  Ordinary  pyrites  is  not  used 
as  a  source  of  iron,  but  its  sulphur  is  often  employed  in  the 
manufacture  of  sulphuric  acid,  and  also  of  alimi.  At  times  it 
contains  a  certain  proportion  of  copper :  this  is  worked  by  first 
separating  its  sulphur,  and  then  smelting  the  copper. 

The  preliminary  operation  of  estimating  the  value  of  an  iron 
ore  is  done  in  the  dry  way,  by  a  kind  of  miniature  smelting  pro- 
cess ;  it  is  performed  in  a  good  wind  furnace,  and  at  a  very  high 
temperature. 

Percy*  gives  very  full  information  upon  iron  assaya  He  says 
that,  besides  the  ordinary  wind  furnace,  a  Sefstrom's  or  Deville's 
furnace  may  be  used.  The  Swedish  method  of  operating  is  in 
small  brasqued  crucibles  (see  p.  106)  :  10  grains  of  powdered  ore 
are  taken  and  mixed  with  the  flux,  of  glass,  lime,  or  other  flux 
needed  :  this  is  done  upon  paper,  by  means  of  a  spatula,  or  in  an 
agate  mortar.  It  is  put  into  the  cavity  left  in  the  centre  of  the 
crucible,  and  then  covered  with  a  plug  of  charcoal  The  top  is 
next  luted  with  clay.  Three  or  four  crucibles  may  be  placed  on 
the  stand  in  the  furnace  at  one  time ;  fuel  is  put  roimd,  but  not  on 
the  top  of  them,  and  the  fire  lighted,  the  crucibles  a<^usted,  and 
the  furnace  then  filled  up  with  fiieL  In  ten  minutes,  when  the 
fire  is  fairly  started,  the  top  is  opened  to  let  out  water  and 
carbonic  acid  slowly  from  the  ore.  The  furnace  is  then  closed,  and 
the  heat  raised  to  whiteness.  In  thirty  to  forty  minutes  the  fuel 
wiU  have  burned  down  ;  the  fiimace  is  then  opened,  and  the  but- 
ton and  slag  removed.     The  button  is  detached  from  the  slag,  and 

*  Metallurgy  of  Iron  and  Steely  page  237. 
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weighed,  any  detached  grains  being  collected  by  the  magnet  and 
added  for  weighing.  In  Sweden  this  dry  assay  is  often  used  in 
order  that,  from  the  fluxes  found  necessary,  the  proportions  of 
materials  needed  for  the  blast-furnace  charge  on  the  large  scale 
may  be  learned. 

The  fluxes  recommended  by  Percy  are — 

I  St  Silica  in  the  form  of  pounded  white  quartz,  or  rock 
crystal,  or  clean  white  sand. 

2nd.  Glass.  These  are  employed  with  ores  which  are  deficient 
in  siliceous  matters. 

3rd.  China  clay. 

4th.  Shale. 

5  th.  Fire-clay. 

6th.  Borax  glass. 

7th.  Lime,  as  free  as  possible  from  sulphate. 

8th.  Fluor-spar,  which  may  be  used  instead  of  lime,  it  forms 
fusible  compounds  with  silica  or  silicate.  For  the  application  of 
these,  and  the  proportions  to  be  employed,  the  reader  is  referred 
to  the  work  quoted. 

For  the  English  method  of  assay  100  to  locx^  grains  of  ore 
are  worked  upon.  Supposing  500  are  taken,  it  is  mixed  with 
about  half  its  weight  of  glass,  and  rather  more  than  half  of  dry 
lime,  and  about  a  fourth  its  weight  of  charcoal  or  anthracite  in 
dust ;  and  the  mixture  introduced  into  a  Cornish,  black  lead,  or 
French  crucible,  and  luted  up.  The  pot  is  then  well  placed  in 
the  centre  of  the  fire,  and  the  furnace  quite  filled  with  proper-sized 
coke.  Until  the  aqueous  portions  of  the  mixture  have  escaped 
from  the  pot,  the  fire  is  kept  at  a  moderate  heat,  after  which  the 
damper  is  opened,  and  the  heat  raised  to  its  full  extent,  at  which 
it  is  maintained  for  half  an  hour.  At  the  end  of  this  time  the 
pot  is  removed,  and  tapped  steadily  upon  the  edge  of  the  furnace, 
so  as  to  shake  all  metallic  globules  through  the  slag,  and  bring 
them  into  one  button  below.  When  cold,  the  pot  is  broken,  and 
the  contents  struck  a  few  blows  upon  the  side,  which  will  detach 
the  slag,  and,  if  the  operation  has  been  successful,  leave  a  clean 
button  of  metal,  tolerably  pure,  or  at  any  rate  retaining  about  the 
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amount  of  carbon  in  ordinary  cast-iron.  Thus  it  only  remains  to 
clean  the  button  carefully  with  a  scratch-brush,  and  weigh.  I^ 
howeyer,  the  button  is  not  well  agglomerated,  and  the  slag  full  of 
metallic  beads,  it  is  most  probable  that  the  heat  has  been  insuf- 
ficient, or  that  the  flux  was  too  small  in  quantity.  Should  this  be 
the  case,  the  slag  may  be  powdered  and  the  metal  abstracted  by  a 
magnet,  and  added  to  the  button  to  weigh  ;  but  if  the  button  be 
yery  imperfect,  it  is  better  to  make  a  fresh  assay.  In  all  these  dry 
assays,  the  presence  of  manganese,  titaniimi,  or  chromiimi,  and 
also  phosphorus  or  sulphur,  may  be  recognised  by  practised  eyes 
from  the  appearance  of  the  ^lag. 

The  wet  assay  of  iron  ores  is,  in  fact,  an  operation  of  analysis ; 
but  inasmuch  as  it  is  only  the  iron  which  is  sought  for,  the 
ordinary  operation  of  analysing  the  ore  may  be  yery  much  abridged 
by  the  simple  estimation  of  the  iron,  after  its  precipitation  as 
sesquioxide  or  ferric  oxide,  by  means  of  ammonia. 

This  reagent  is  capable,  to  a  great  extent,  of  retaining  in  solu- 
tion most  metallic  oxides,  which  are  commonly  associated  with 
iron,  but  it  must  not  be  relied  upon  where  yery  accurate  analysis 
is  required  ;  for  the  iron  precipitate  is  so  gelatinous  and  soapy  in 
its  texture,  that  the  other  oxides  are  much  masked  and  protected 
from  its  solyent  action.  Again,  on  the  other  hand,  ammoniacal 
salts  .are  capable  of  dissolying  ferric  oxide  in  a  slight  degree;  and 
where  certain  organic  bodies  are  present,  the  quantity  so  taken  up 
is  yery  considerable.  While,  lastly,  as  ammonia  precipitates 
alumina  with  the  iron,  the  separation  of  these  two  requires  much 
care  in  manipulation. 

The  operation  is  carried  out  as  follows  : — ^A  portion  of  the  ore 
is  powdered,  and  a  quantity  which  may  range  from  20  to  50  grains 
is  carefully  weighed  out.  This  is  treated  with  500  to  600  grains 
of  aqua  regia  in  a  small  flask,  and  heated  to  the  boiling  point. 
The  clear  solution  is  poured  off,  and  the  insoluble  residue  again 
digested  with  a  second  quantity  of  acid.  The  solution  is  again 
decanted,  and  the  whole  eyaporated  to  dryness  in  a  porcelain 
basin;  the  dry  residue  is  redissolyed  in  about  1000  grains  of 
hydrochloric  acid,  composed  of  equal  parts  of  strong  acid  and 
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water.  When  the  soluble  part  is  taken  up,  the  liquid  ia  filtered, 
and  to  the  residue  in  the  filter  the  first  insoluble  residue9  are 
addedy  the  whole  washed,  dried,  ignited,  and  if  its  amount  is 
required  to  be  ascertained,  weighed.  The  solution  in  hydrochlorio 
acid  is  then  made  hot,  and  some  ammonic  chloride  added,  and  then 
ammonia  in  excess.  The  heating  renders  the  precipitate  much 
less  gelatinous  and  retentive ;  and  at  the  same  time  more  open 
to  the  action  of  the  washing  water,  and  the  addition  of  amnionic 
chloride  prevents  any  lime  going  down  with  the  iron  and  alumina. 
The  precipitate,  which  consists  of  alumina  and  ferric  oxide,  must 
be  thoroughly  washed,  after  which  it  is  put  into  a  beaker  with  a 
quantity  of  caustic  potassa,  and  well  boiled.  This  treatment 
having  dissolved  out  the  alumina,  if  any  were  present,  the  solution 
is  poured  off,  and  the  precipitate  undissolved  again  well  washed. 
It  is  next  dissolved  in  as  small  a  quantity  as  possible  of  hydro- 
chloric acid,  and  lastly,  again  thrown  down  by  ammonia,  washed, 
dried,  ignited,  and  weighed.  Every  loo  parts  of  this  precipitate 
equal  70  of  metal 

This  double  precipitation  by  ammonia  needed,  firom  the  pre- 
sence of  alumina  in  many  ores,  will  assist  in  the  retention  of  other 
oxides  in  solution,  as  they  are  thus  subject  to  two  digestions  in 
the  ammoniacal  solvent. 

If  it  be  desired  to  learn  the  amount  of  lime  and  of  magjieflia 
in  an  ore,  these  are  contained  in  the  filtrate  from  the  first  pre- 
cipitation by  ammonia.  To  this  latter,  ammonic-oxalate  added 
will  precipitate  the  lime  as  an  oxalate,  which  on  moderate  ignition 
is  converted  into  calcic  carbonate,  the  form  in  which  lime  was 
originally  present  in  the  ore.  Lastly,  from  the  filtrate  from  this 
lime  salt,  if  magnesia  was  present,  it  may  be  thrown  down  by  the 
addition  of  sodic  phosphate.  The  precipitate  of  magnesic  phoa- 
phate,  formed  after  standing  an  hour  or  two,  must  be  washed, 
dried,  and  ignited,  and  contains  about  36  per  cent  of  magnesia. 

Of  the  several  volumetric  methods  used,  Penny's,  by  bichromate 
(or  dichromate)  of  potassa,  and  Margueritte's,  by  potassic  perman- 
ganate, are  the  most  commonly  employed  ones. 

Penny's  depends  upon  the  fact  that  a  solution  of  a  salt  of 
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chromic  acid  will,  if  added  to  a  ferrous  salt,  with  excess  of  hydro- 
chloric acid  present  also,  conyert  it  into  a  ferric  salt,  the  chromic 
acid  becoming  chromic  chloride.  The  following  is  the  reaction 
taking  place  :— K^  Cr^  O7+  6  Fe  a«-f  14  H  CI  =  3  Fe,  Cl^-f  Cr^ 
Clg  -4-  2  K  CI  -f  7  H^  0.  And  as  we  possess  very  delicate  means 
of  ascertaining  the  point  in  the  addition  of  the  chromic  salt  at 
which  the  conversion  of  the  ferrous  to  ferric  is  just  complete,  we 
can  learn  the  amount  of  iron  by  the  amount  of  potassic  di- 
chromate  required,  presuming,  of  course,  that  its  value  in  this 
way  has  been  previously  ascertained  by  testing  it  upon  a  known 
weight  of  pure  iron.  For  this  latter  end  good  iron  wire  is  used, 
which  contains  on  the  average  fully  99*5  per  cent  iron,  for  only 
the  purer  forms  of  iron  will  draw  welL 

The  solution  of  potassic  dichromate  should  be  made  from  pure 
salt,  and  a  convenient  strength  is  got  by  dissolving  76*25  grains 
in  1  pint  of  pure  water,  1 000  grains  of  this  being  equal  to  i  o 
grains  of  pure  iron.  Where  this  solution  is  stored,  the  vessel 
should,  before  using,  have  any  condensed  evaporated  water  in  it 
mixed  with  the  whole  by  shaking  it  up. 

The  test  solution  needed  for  ascertaining  that  the  assay  under 
examination  is  entirely  peroxidized,  is  potassic  ferridcyanide,  and  a 
very  weak  solution  of  this,  viz.  of  about  1  grain  to  5  ounces,  is 
prepared.  The  operation  is  carried  out  thus:  From  10  to  20 
grains  of  the  ore  are  heated  in  strong  hydrochloric  acid  for  half  an 
hour  in  a  flat-bottomed  flask,  the  neck  being  closed  by  a  funnel. 
When  decomposition  and  solution  of  the  iron  compound  are 
complete,  it  is  diluted  with  water,  and  a  few  pieces  of  zinc  are  put 
in,  and  the  liquid  boiled  until  all  colour  is  removed,  or  it  has  be- 
come of  a  very  pale  green,  and  it  should  contain  no  small  particles 
of  zinc.  It  is  transferred  carefully  firom  the  zinc  to  a  porcelain 
basin,  the  residue  washed,  and  also  added.  A  porcelain  slab  is 
now  prepared  as  a  test-plate,  by  placing  a  number  of  drops  of  the 
potassic  ferridcyanide  solution  in  order  upon  it  Having  filled  a 
I  coo-grain  burette  with  the  potassic  dichromate  solution,  it  is 
to  be  added  by  degrees  to  the  iron  assay  in  the  basin  ;  and  between 
each  addition,  after  stirring,  a  drop  is  removed  by  a  glass  rod  and 
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added  to  one  of  the  spots  on  the  porcelain  plate.  As  long  as  this 
produces  any  blue  colour,  it  is  an  indication  that  ferrous  salt  is 
yet  present  unchanged  ;  but  as  soon  as  no  change  takes  place,  the 
addition  of  dichromate  is  stopped,  and  the  amount  used  read  off 
the  proportion  of  the  looo  grains  will  be  just  the  proportion  of  lo 
grains  of  pure  iron  contained  in  the  specimen  under  examination. 

The  potassic  permanganate  for  Margueritte's  process  may  be 
prepared  by  heating  in  an  earthen  crucible  7  parts  of  potassio 
chloride  with  10  parts  of  potassic  hydrate  to  fusion;  8  parts 
of  manganic  dioxide  (the  common  ore)  are  then  gradually  added, 
after  which  the  mixture  is  heated  for  an  hour  until  it  assumes  the 
condition  of  a  friable  unfused  mass.  This  is  removed,  powdered, 
and  digested  in  a  flask  with  100  parts  of  water  (heated).  When 
the  mass  is  exhausted  it  is  filtered,  and  the  liquid  neutralized 
with  sulphuric  acid  ;  it  is  then  evaporated  for  crystallization,  and 
the  crystals  dried  on  a  porous  tile.  Paper  should  not  be  employed, 
but  the  filtration  is  best  done  through  a  plug  of  asbestos  or  gun- 
cotton. 

The  use  of  the  salt  for  iron  estimation  depends  on  the  fact  of 
its  deoxidation  by  a  ferrous  salt,  and  the  indication  of  this  by 
loss  of  colour  in  the  permanganate.  The  following  formula  of 
the  reaction  will  explain  the  changes : —  • 

2  K  Mn04+ioFe"CL4-  16  HC1  =  2  AlnCl2  +  2  KC1  + 

5  Fe«"  Clo  -h  8  H2  0. 

Arsenic  and  copper  interfere  with  the  change,  but  they  may  bo 
previously  removed  by  zinc. 

A  solution  of  permanganate  may  be  made  of  the  strength  of 
50  grains  to  the  pint  of  distilled  water ;  if  made  from  the  pure 
salt,  it  will  keep,  with  but  slight  change,  for  any  length  of  time. 
A  quantity  of  this  is  put  into  a  looo-grain  burette,  and  the  iron 
assay  prepared  just  as  for  Penny's  operation.  The  test-liquor  is 
then  passed  in,  stirring  all  the  time.  The  red  colour  will  dis- 
appear quickly  at  first  directly  the  salt  is  added,  but  more  slowly 
after  a  time.  When  this  state  commences,  it  is  to  be  added  very 
slowly,  imtil  at  last  the  least  trace  of  redness  remains.     Then 
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stop  and  read  off  the  amount  of  fluid  used,  fix>m  which  the  amount 
of  iron  may  he  calculated  as  before. 

From  the  ores  of  iron  already  described,  two  kiuds  of  products 
are  manufactured  (or  we  may  consider  three)  differing  mainly  in 
the  quantity  of  carbon  they  contain.  These  are  known  as  cast 
iron,  wrought  or  malleable  iron,  and  steeL  The  second  of  these, 
or  wrought  iron,  containing  carbon  in  the  smallest  proportion, 
while  the  first,  or  cast  iron,  contains  the  greatest  quantity, 
steel  being  intermediate  as  to  its  amount  of  carbon.  They 
also  contain  silicon  and  sulphur,  and  sometimes  phosphorus, 
but  where  these  last  are  present  in  any  quantity,  they  affect  the 
quality  of  the  metal  very  much. 

Silicon  is  always  present  in  considerable  quantity  in  hot  blast 
iron,  or  iron  smelted  with  coke,  and  when  largely  so,  the  iron  is 
inferior  in  qua  ity.  Its  amount  in  pig-iron  ranges  from  ^  or  -2|;' 
per  cent,  up  to  3*5  per  cent,  the  grey  iron  containing  most. 
Malleable  iron  contains  generally  about  1  part  of  silicon  in  500. 
In  steel  its  presence  is  never  to  any  great  amount  Henry,  in  his 
analysis  of  Indian  Wootz  (a  particularly  choice  form  of  steel) 
estimates  the  silicon  present  at  '042  per  cent.  Half  a  per  cent  will 
render  steel  unforgeable.  Sulphur  is  always  mere  or  less  present  in 
pig-iron,  and  when  in  any  quantity  diminishes  its  strength  very 
much.  Its  average  here  is  about  1*50  per  cent,  and  its  amount 
greater  in  white  than  in  grey  iron. 

In  malleable  iron  sulphur  produces  *  red  shortness,'  as  shown 
by  cracking  under  the  hammer  during  welding,  and  less  than  i 
part  in  2000  will  produce  this  condition.  Steel  seldom  contains 
much  sulphur,  and  this  may  largely  depend  upon  the  fact  that 
the  better  kinds  of  steel  are  produced  firom  charcoal  smelted  iron. 

Phosphorus  in  cast-iron  acts  much  as  carbon  does,  viz.  it  hardens 
it,  and  it  also  renders  it  more  fusible.  Its  average  quantity  in 
cast  or  pig-iron  is  i  per  cent.  Phosphorus  in  malleable  iron 
renders  it  *  cold  short,'  that  is,  liable  to  crack  when  bent  cold ; 
one  part  in  2000  (about  the  usual  quantity)  does  not  injure  it ; 
}  or  75  per  cent  will  be  very  ii^jurious,  and  such  iron  will  show  a 
coarse  crystalline  structure. 
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Silicon  and  phosphorus  may  both  be  deriyed  from  the  ores, 
and  the  latter  may  also  be  introduced  by  the  limestone  used  as 
a  flux.  Sulphur  may  result  from  the  decomposition  of  pyrites 
present  in  the  fuel,  or  from  calcic  sulphate  in  the  limestone. 
The  compounds  which  iron  forms  with  carbon  are  metallui^gically 
of  all  the  most  important,  and  looking  at  cast-iron,  steel,  and 
malleable  iron,  it  will  be  seen  how  greatly  the  qualities  and  uses 
of  the  metal  are  controlled  by  the  amount  of  carbon  associated 
with  it.  But  whether  or  not  the  carbon  is  chemically  combined, 
that  is,  whether  or  not  there  exist  definite  carbides  of  iron,  does 
not  seem  a  very  settled  point.  Karsten  considers  that  in  metal 
which  contains  a  large  per-centage  of  carbon  certain  carbides  may 
exist,  which  are  dissolved  in  excess  of  iron,  for  by  his  experiments 
he  considered  that  5-93  per  cent  was  the  largest  amount  of  carbon 
which  could  be  combined  with  iron.  But  Dr.  Percy  justly 
remarks  that  Karsten  has  not  succeeded  in  separating  carbide  of 
iron  from  it.  Iron  containing  much  carbon  constitutes  cast-iron, 
and  this  carbon  may  exist  in  it  in  a  combined  state,  or  it  may  be 
in  the  condition  of  graphite  or  unc(»nbined  carbon.  The  fact  that 
the  carbon  is  in  actual  combination  is  shown  on  dissolving  the 
metal  in  dilute  sulphuric,  or  in  hydrochloric  acid,  for  the  whole 
will  then  be  soluble  in  it.  But  when  the  carbon  is  not  combined, 
but  in  the  state  of  graphite,  the  latter  will  remain  as  insoluble 
scales  after  the  metal  itself  is  in  solution.  Combined  carbon  pro- 
duces white  iron,  and  if  uncombined  grey,  while  a  mixture  of  the 
two  gives  mottled  iron.  But  a  white  or  grey  character,  as  also  its 
granular  or  crystalline  condition,  are  much  influenced  by  the  con- 
dition under  which  it  has  been  worked,  as,  for  instance,  by  the 
temperature  at  which  it  has  been  poured,  the  quickness  or  slowness 
at  which  it  has  been  cooled  down,  &c.  In  mottled  iron  the 
substance  will  be  white  speckled  with  grey,  where  the  white  iron 
is  large  in  amount  compared  with  the  grey.  And  it  will  be  grey 
covered  with  white  spots  where  the  grey  predominates. 

White  iron  is  always  exceedingly  hard  and  will  resist  the  cut  of 
a  file  much  as  hard  steel  will ;  but  grey  iron,  where  the  carbon  is 
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uncombined,  is  soft,  and  approaches  malleable  iron  in  its  capability 
of  being  worked. 

The  smelting  of  iron  from  its  ores,  where  the  latter  are  rich  in 
quality  may  be  carried  out  in  such  a  manner  and  with  such  facility 
as  to  produce  malleable  iron  at  once  from  the  ore.  But  the 
amount  of  carbon  retained  by  the  product  varies  much  according 
to  the  ore  and  treatments  employed,  although  it  is  never  more 
than  sufficient  to  produce  a  more  or  less  steely  quality  of  iron. 
Many  ancient  methods,  and  of  late  years  many  modem  ones,  have 
been  described  for  the  production  of  malleable  iron  thus  directly 
from  its  ores,  the  ores  employed,  however,  being  chiefly  hematites 
or  tolerably  pure  oxides,  and  their  treatment  essentially  consisting 
in  heating  them  with  carbonaceous  matters. 

In  the  Catalan  method,  which  affords  a  good  illustration  of  these 
operations,  brown  haematite  is  first  calcined  for  two  to  three  days, 
80  as  to  disintegrate  the  ore  somewhat,  after  which  the  finer  por- 
tions are  sifted  out,  the  coarser  being  fit  at  once  for  smelting. 
This  is  affected  in  a  small  square  or  rectangular  hearth  built  in 
brick,  and  with  a  solid  bottom  resting  upon  a  stone  base.  Into 
the  upper  part  of  this  hearth  a  moveable  tuyere  is  carried  so  as  to 
direct  a  blast  downwards  upon  the  contents.  The  blast  is  pro- 
duced by  descent  of  a  column  of  water  from  a  cistern  with  a  fall 
of  twenty  to  thirty  feet. 

In  working,  the  hearth  is  first  filled  with  heated  charcoal  up 
to  the  tuyere ;  this  is  then  beaten  down  compactly,  and  the  space 
above  it  divided  into  two  halves  by  placing  a  sheet  of  iron  fix)m 
side  by  side.  Into  the  half  next  to  the  tuyere  charcoal  is  put, 
and  into  the  other  a  quantity  of  lumps  of  calcined  ore.  The  iron 
dividing  plate  is  now  removed,  the  blast  put  on,  and  the  charge 
pressed  down,  occasional  addition  of  the  powder  of  the  ore  damped 
and  of  charcoal  powder  is  made,  and  during  the  operation  the 
blast  is  gradually  increased. 

The  carbonic  acid  produced  by  combustion  of  the  charcoal,  in 
presence  of  so  much  heated  carbon  takes  an  additional  propor- 
tional of  carbon,  and  carbonic  oxide  results.  This  reduces  the 
iron  from  the  ore,  which  gradually  subsides  to  the  bottom  of  the 
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• 
hearth.     The  workman  pressing  it  from  time  to  time  so  as  to  bring 

it  into  a  spongy  mass. 

The  operation  is  carried  out  in  about  six  hours,  when  a  bloom 
or  lump  of  spongy  iron,  weighing  2  cwt.  or  more,  is  lifted  out, 
taken  to  a  forge-hammer,  and  the  slag  or  cinder  hammered  out. 
After  which  the  metal  is  rolled  into  bars.  It  is  apt  to  retain 
some  slag  in  its  texture,  but  is  nevertheless  very  malleable,  hard,  and 
fibrous. 

In  working  poorer  ores,  as  also  in  localities  where  the  smelting 
is  carried  out  on  such  an  extensive  scale  as  is  done  in  Great 
Britain,  the  iron  is  first  converted  from  the  ore  into  cast  or  pig 
iron  by  means  of  the  blast-furnace.  When  wrought-iron  is  to  be 
produced,  this  first  product  is  subjected  to  operations  called  refin- 
ing and  puddling.  And,  lastly,  steel  was  always  formerly  produced 
from  decarbonized  or  wrought  iron,  by  a  peculiar  process,  called 
cementation,  whereby  a  quantity  of  carbon  is  recombined  with  the 
iron.  But  of  late  years  it  has  also  been  produced  at  once  by 
decarbonizing  pig-iron  as  run  from  the  blast-furnace,  as  well  as 
directly  from  the  ore. 

The  first  operation  used  in  iron-smelting  is  calcination  of  the  ore. 
For  this  several  hundred  tons,  broken  to  a  fit  size,  are  arranged  in 
alternate  layers  with  small  coal,  a  heap  being  so  constructed  upon 
the  ground  in  open  air,  and  commenced  by  a  good  thick  layer  of 
coal  of  about  1  foot  thick,  the  layers  of  ore  and  coal  being  then 
carried  up  to  9  or  10  feet  in  height,  and  about  1 5  feet  wide.  The 
amount  of  carbonaceous  matter  required  varies  according  to  the 
nature  of  the  ore.  Thus  clay  ironstone  will  require  a  large  pro- 
portion, rising  to  20  per  cent  even,  as  it  is  almost  entirely  made 
up  of  earthy  matters  with  the  metal ;  but,  on  the  other  hand,  black- 
band  ores,  which  contain  in  themselves  a  large  amount  of  coal-like 
matter,  may  be  calcined  with  an  exceedingly  small  addition  of 
coal,  when  once  lighted.  Thus  calcination,  by  expeUing  useless 
matters,  concentrates  the  metal  and  leaves  the  ore  porous ;  and  in 
the  case  of  the  clay  ores  they  will  be  thus  raised  from  30  to  59 
per  cent;  and  black-band  from  33  to  65  or  70.  Water  and 
carbonic  acid  will  first  pass  off,  then  sulphur  from  the  pyrites 
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contained  in  the  ore  will  bum  off,  being  thus  converted  into  sul- 
phurous acid  or  anhydride,  by  union  with  oxygen ;  and  some 
ferrous  oxide  also  by  taking  oxygen  becomes  ferric  or  sesquioxide 
of  iron.  The  ore  upon  the  whole  loses  about  one-fourth  its  weight 
The  mound  is  always  lighted  on  the  windward  side,  so  as  to  cany 
combustion  inwards ;  and  as  it  bums,  more  ore  is  often  added  at 
the  far  end  until  the  heap  becomes  of  very  great  length,  and  some 
months  will  thus  be  spent  in  the  operation.  It  is  at  times  per- 
formed in  kilns,  and  not  unfrequently  dispensed  with  altogether, 
where  hot  blast-ftimaces  are  used  for  the  after-smelting  operation. 
The  calcined  ore  is  now  ready  for  the  blast-fiunace.  The 
common  form  of  this  is  shown  in  fig.  85.  It  is  formed  by  joining 
two  truncated  cones  of  solid  brickwork  at  their  bases ;  the  longer 
one  (a)  being  above  and 
forming  the  body  of  the  fur- 
nace. This  and  the  short 
one  under  it  (6),  are  built 
of  good  Stourbridge  bricks 
internally  ;  next,  a  casing  of 
refractory  sand,  and,  external 
to  all,  a  thick  coating  of  fire- 
bricks. The  part,  (6),  called 
the  boshes,  is  sometimes 
formed  in  fire-stone,  a  re- 
fractory stone  found  in  the 
iron  localities ;  for  it  is  of 
much  importance  that  this 
part  be  closely  built,  and  of 
good  standing  material,  as 
not  only  is  the  chief  wear  of 
the  furnace  upon  this  por- 
tion, but  it  has  also  to  sus- 
tain the  whole  weight  of  the 
charge,  amounting   to   some  Fig.  85. 

tons.    Passing  downwards,  a  square  chamber  (c)  is  formed  below  the 
boshes,  also  in  fire-stone ;  this  is  the  hearth  and  crucible.     The 
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crucible  being  the  portion  behind  the  dam  stone  (/).  The  fioat 
of  the  hearth  ie  not  closed  by  stone  as  the  three  other  sides  are, 
but  across  the  upper  part  only  is  placed  a  large  stone  (p),  called 
the  tymp  ;  this  is  carried  by  an  iron  cross  bearing  plate  the  tymp 
plate  (A).  Underneath  this  is  built  in  a  large  block  of  stone  or 
fire-bricks  called  the  dam  (/),  supported  in  front  by  an  iron  dam 
plate.  In  the  top  of  this  is  a  groove,  the  cinder-notch,  through  which 
the  slag  formed  during  working  constantly  flows,  and  runs  down  a 
sloped  way  called  the  cinder-fall. 

The  opening  between  the  tymp  and  dam  stone  is  stopped  dur- 


Fig.  86, 
ing  working  by  ramming  in  a  quantity    of  loamy  SMid.       The 
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iron  itself  collects  as  reduced  in  the  crucible,  at  the  bottom  of 
which  is  a  tap-hole,  which  is  kept  plugged  also  with  sand,  and  this 
is  removed  every  twelve  hours  or  so,  and  the  collected  metal  run 
into  pigs.  Surroimding  the  hearth  are  formed  arched  galleries,  d, 
fig.  86,  which  form  passages  for  the  workmen,  and  across  these  pass 
on  three  sides  the  pipes,  or  tuyeres  of  the  blowing  apparatus,  e, 
whereby  the  blast  is  kept  up. 

Below  all  is  a  set  of  air-channels,  as  also  an  arched  gallery 
passing  into  the  centre,  from  the  middle  of  each  side ;  these  serve 
to  keep  the  furnace  quite  dry  below,  the  former  allowing  the  exit 
of  moisture  escaping  from  the  brickwork  itself. 

At  the  top  of  the  body  is  a  short  portion  termed  the  tunnel 
head ;  this  has  three  or  four  openings  upon  its  side.  It  is  sur- 
rounded by  the  gallery  for  the  trucks  which  carry  the  charges  of 
ore  and  fuel.  The  arrangement  in  layers  of  the  charge  and  coal, 
which  is  scarcely  maintained  during  work,  shown  in  the  drawing 
(fig.  86X  are  from  Regnault,  and  the  introduction  of  the  work- 
men serves  by  comparison  to  give  a  very  good  idea  of  the  dimen- 
sions of  the  whole  arrangement,  which  is  generally  about  50  feet 
high  by  about  20  in  diameter  at  the  base  ;  the  widest  part  of  the 
internal  chamber  being  15  or  16  feet.  The  whole  structure  is 
well  tied  together  by  iron  bands  externally. 

The  form  of  the  blast-furnace  varies  much  in  different  places, 
and  is  governed  somewhat  also  by  the  nature  of  the  charge  to  be 
smelted,  both  as  to  the  kind  of  fuel,  and  of  ore.  A  main  object  is  the 
adoption  of  such  a  shaped  body  as  shall  allow  of  the  regular 
descent  of  the  charge,  and  also  to  have  the  boshes  and  hearth  of 
sufficient  strength  and  fit  shape  to  sustain  the  great  weight  of  the 
charge  at  the  high  temperature  to  which  it  is  subjected.  Percy 
gives  a  most  extensive  set  of  drawings  and  descriptions  of  blast- 
furnaces,* commencing  with  Mr.  K.  BlackwelFs  furnace  in  use  at 
the  Corngreaves  Iron  Works  ;  he  gives  this  as  '  a  typical  illustra- 
tration  of  a  modem  English  blast-furnace.'  In  this  latter  there 
appears  no  fixed  point  at  which  the  body  could  be  said  to  end  and 

*  Terey's  Metaflurify,  Iron  amd  Steel,  page  351. 
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the  boshea  commence,  but  the  whole  'shaft'  is  bouoded  ou  each 
side  from  bottom  to  top  by  a  steady  curved  line. 

The  blast  to  these  furnaces  is  generally  supplied  by  a  l&rge 
cylinder  (a)  fig.  87,  of  about  8  feet  diameter  by  9  or  10  high.  In 
this  a  piston  (6)  is  worked  by 
its  pietOD-Tod  passing  through 
a  stufQng-boz  to  connect  with 
I  the  beam  of  a  steam-«iigine. 
I  As  this  piston  begins  to  asoend, 
it  draws  open  a  set  of  inlet 
valves  placed  below,  and  thus 
the  space  below  it  fills.  In 
rising  it  forces  the  air  from 
above  it  by  a  valve  opening  into 
a  large  air-main,  at  the  same 
time  closing  the  air-admisaion 
valves  formed  at  the  top  of  the 
.  cylinder.  On  the  return  down 
I  stroke,  the  under  admission 
ves  are  first  closed  and  the 
entry  to  the  air-main  opened, 
thus  the  air  below  the  piston  is 
passed  in,  while  at  the  same  time  the  upper  main  valve  is  drawn 
close,  and  the  entry  valves  above  opened  for  a  fresh  upper  sup- 
ply. By  the  succession  of  these  actions  a  continuous  supply  is 
thrown  into  the  iron  main,  which  is  of  large  dimensions,  in  order 
to  equalize  the  blast.  The  furnace  is  said  to  be  a  cold-blast  one 
when  the  air  is  sent  in  at  ordinary  temperatures,  but  hot-blast 
when  the  nir  is  heated  up  previous  to  passing  it  in.  For  the  latter 
kind  the  air  is  sent  through  the  heating  aj^iaratua,  and  thence  by 
the  tuyeres  to  the  furnaces  themselves. 

The  tuyeres  are  tubes  of  cast-iron,  but  as  these  would  be 
li.ible  to  fuse  at  the  furnace  entry,  especially  when  carrying  in  a 
hot  blast,  they  are  surrounded  by  jacketa,  through  which  a  stream 
of  cold  water  flows  by  means  of  inlet  and  outlet  tubes;  these  tuyeres 
are  shown  at  (d),  figs.  88  and  89,  where  they  are  applied  to  the 
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refinery.  In  the  blast-furnace  the  tuyeres  are  so  arranged  as  that 
the  blasts  they  deliver  shall  not  meet,  and  so  interfere  with,  or 
check  each  other.  These  water  tuyeres  occasionally  become  leaky, 
and  if  this  occurs  to  any  great  extent,  dangerous  and  fatal  explo- 
sions may  occur,  for  the  escaping  water  passes  on  to  the  hot 
metal  in  the  crucible,  and  the  sudden  generation  of  an  immense 
volume  of  steam  will  then  blow  out  the  contents  of  the  crucible 
and  of  the  lower  part  of  the  furnace  by  the  front  opening.  The 
heating  of  the  blast  is  effected  in  a  variety  of  ways.  Sometimes 
by  passing  it  through  iron  tubes  heated  up  by  a  furnace;  these  are 
called  pipe  or  tube  ovens.  In  other  works  chambers  or  ovens  are 
employed,  which  are  heated  by  the  combustion  of  the  waste  gases 
collected  at  the  tunnel  head  of  the  blast-furnace.  By  such  means 
the  blast  is  heated  to  degrees  ranging  between  600^  and  800^  F., 
or  3 1 5°  and  426^  C. 

Siemens  has  increased  the  temperature  of  the  hot  blast  by 
employing  his  regenerative  chambers  (page  79),  and  heating  these 
by  the  waste  gases  of  the  blast-furnace.  Two  chambers  (just  as 
in  the  steel-furnace,  fig.  13)  are  used ;  the  gas  is  first  burned  in 
one,  and  after  it  is  heated  up,  the  air  for  the  blast  is  passed 
through  it,  the  gas  meanwhile  being  turned  into,  and  burned  in 
the  second.  By  the  time  the  first  has  parted  with  its  heat  to  the 
air  the  second  is  ready  for  use  in  the  same  way ;  the  course  of  the 
gas  and  air  is  therefore  changed  in  them,  and  this  alternate 
working  of  the  chambers  will  maintain  the  blast  at  1200^  to 
1 300°  F;,  or  648°  to  704®  C,  and  by  means  of  waste  gases  which 
would  otherwise  have  passed  away.  The  economising  of  these 
gases  has  given  rise  to  several  plans  for  their  collection  at  the 
tunnel-head  of  the  blast-furnace.  Of  several,  a  very  good  plan  is 
shown  in  fig.  85,  where  (t)  is  a  large  cup  partly  closing  the  whole 
top  of  the  furnace ;  rising  up  to  this,  by  a  chain  and  balance,  is  a 
cone  (/).  On  throwing  in  the  furnace  charges  this  latter  falls,  and 
after  entry  of  the  materials,  rises  again  by  the  counterbalance,  to 
close  the  cup.  The  evolved  gases  are  then  carried  out  by  the  large 
tube  (m)  to  their  use  elsewhere. 

Mr.  £.  A.  Cowper  has  devised  an  excellent  form  of  stove  for 
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heating  the  blasts,  where  a  temperature  is  given  to  it  exceeding 
even  that  of  a  red  heat. 

The  ^el  employed  in  England  is  always  either  coal  or  coke. 
Until  about  the  year  1720  charcoal  was  exclusively  burned,  but 
from  that  time  till  1780  coal  gradually  became  generally  used,  its 
introduction  being  slow,  but  mainly  assisted  by  the  employment 
of  the  powerful  blowing  machines  above  described. 

In  Sweden  and  Austria  charcoal  is  used ;  and  hence,  from  the 
absence  of  sulphur  in  the  fuel,  the  Swedish  iron  is  much  prized  for 
steel-making  by  cementation. 

By  the  cold  blast,  iron  is  produced  of  extreme  tenacity  and 
strength ;  and  this  brought  about  the  employment  of  coke,  which 
is  rendered  necessary  with  the  cold  blast,  and  which  in  itself  is  a 
purer  fuel  than  raw  coal.  But  when  it  is  stated  that  between  two 
and  three  thousand  cubic  feet  (and  often  much  more)  of  air  are  thus 
thrown  into  one  of  these  furnaces  per  minute,  it  will  be  evident 
that  such  a  body  of  cold  air  has  a  great  tendency  to  bring  down 
the  temperature  of  the  furnace ;  and  this  is  now  proved  by  the 
saving  of  fuel  effected  when  the  supplied  air  is  previously  heated 
up.  This  saving  is  enormous,  especially  when  the  fact  is  taken 
into  the  calculation  that  by  this  employment  of  heated  air  raw 
coal  is  sufficient,  because  the  action  of  the  fuel  and  ore  takes  place 
lower  down  in  the  furnace,  that  is,  nearer  to  the  tuyeres,  and 
therefore  so  large  a  body  of  hot  fuel  is  not  required  in  the  upper 
parts  of  the  furnace.  Hence,  in  Scotland  alone,  it  is  calculated  by 
a  late  writer  upon  this  subject  that  no  less  than  two  millions  of 
tons  of  coal  are  saved  annually.  The  hot  blast  was  introduced  at 
Glasgow  in  1828.  Percy  gives  a  comparison  of  hot  and  cold  as  to 
economy,  and  states  that  at  the  Clyde  works,  in  1829,  for  a  weekly 
make  of  1 1  o  tons,  1 4  cwt.  2  qrs.  of  iron  by  three  furnaces,  the 
average  consumption  of  coal  per  ton  was  8  tons  i  cwt  i  qr.  (used 
as  coke);  while  in  1833,  at  the  same  works,  with  the  hot  blast 
and  coal  used,  for  a  weekly  make  of  245  tons,  the  average  con- 
sumption of  coal  was  only  2  tons  5  cwt.  i  qr.  per  ton. 

•   That  the  condensation  of  the  air,  and  consequent  amount  of 
oxygen  contained  in  a  given  bulk,  has  much  influence,  must  at 
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once  be  evident  when  the  quantity  employed,  as  just  stated,  is 
borne  in  mind ;  and  this  is  further  shown  in  the  difference  found 
in  the  quality  of  the  product,  according  as  it  may  have  been 
smelted  in  winter  or  summer,  or  in  moist  or  dry  weather ;  for  in 
dry,  frosty,  winter  weather  the  quality  of  iron  is  said  to  be  better 
than  that  of  iron  produced  in  warm,  moist  weather. 

The  great  object  of  the  iron-smelter,  in  selecting  a  fuel,  is  to 
avoid  the  presence  of  sulphur  ;  and  it  is  the  impossibility  of 
obtaining  coal  or  coke  free  frt)m  sulphur  which  gives  charcoal- 
smelted  iron  the  great  superiority. 

Calvert  has  proposed,  in  order  to  get  rid  of  sulphur,  to  add 
small  portions  of  sodic  chloride,  injecting  it  into  the  blast  This, 
by  acting  upon  the  ferric  sulphide  contained  in  the  coal,  decom- 
poses it,  and  forms  sulphur-chloride ,  and  it  is  found  that  iron  so 
made  i^ore  assimilates  charcoal-iron.  Calvert  adds  the  salt,  to  the 
extent  of  i  to  2}  per  cent,  to  the  coal  before  it  is  coked,  or  else 
mixes  it  with  the  coal-charge  for  the  furnace. 

Then  as  to  flux.  If  the  ore  were  smelted  without  any,  the 
silica  contained  in  it  would  retain  much  of  the  metal,  forming 
with  it  ferrous  silicate.  The  use  of  a  flux,  then,  is  to  unite  with 
the  silica,  so  as  to  set  free  the  whole  of  the  iron ;  and,  therefore, 
care  is  required  that  a  sufficient  quantity  is  present  for  this  end ; 
but,  on  the  other  hand,  it  must  not  be  in  any  great  excess,  or  the 
slag  will  not  be  sufficiently  frisible,  and  so,  hanging  about  the 
charge,  the  metal  will  not  readily  subside. 

Limestone  is  the  flux  usually  employed,  which  becomes  lime  at 
the  temperature  of  the  blast-furnace ;  and  a  slight  excess  is  not 
injurious,  for  it  will  combine  with  any  sulphur  present,  and  assist 
in  its  removal  as  calcic  sulphate.  The  purest  limestones  are  those 
best  adapted  for  iron  fluxes ;  for,  although  those  containing  mag- 
nesia or  silica  form  more  liquid  and  separable  scorise,  yet  the 
presence  of  these  bodies  injures  the  quality  of  the  iron. 

Now  the  working  of  the  blast-furnace  is  as  follows : — Sup- 
posing it  to  be  a  new  one,  heated  up  for  the  first  time,  or  *  put  in 
blast.'  A  quantity  of  wood  is  first  put  in,  and  upon  this  small 
portions  of  ore  and  flux  alternating  with  fuel  are  then  thrown  in. 


430  IRON. 

and  the  blast  sparingly  put  on.  This  is  done  for  the  purpooe  of 
graduallj  bringing  up  the  heat,  for,  if  effected  in  a  sudden  manner, 
the  fiimace  would  crack  and  become  injured.  Next,  the  regular 
working  begins,  and  this  is  subject  to  variation  as  to  the  mixture 
operated  upon,  fuel,  amount  and  strength  of  blast,  &o,  to  be 
employed;  these,  again,  being  dependent  upon  the  nature  and 
associations  of  the  ore,  kind  of  fuel,  d^c.  But  the  following  details 
may  be  given  as  an  example  : — 

Supposing  the  ore  to  consist  of  equal  quantities  of  day  and 
black-band  calcined  together,  to  every  nine  hundredweight,  about 
two  hundredweight  of  flux  is  added,  and  well  mixed  with  it. 
This  mixture  will  require  nearly  half  a  ton  of  coaL  Every  hour 
a  portion  of  coal  is  first  wheeled  in  and  emptied  at  the  throat  of 
the  furnace  into  the  body,  and  upon  this  a  layer  of  ore  and  flux  is 
thrown,  then  another  of  coal,  and  a  second  one  of  ore,  and  so  on 
in  the  same  order  until  the  body  is  filled.  Indeed  the  subsidence 
of  the  charge  is  an  indication  as  to  when  replenishing  is  needed ; 
it  is  gradual,  and  occupies  about  forty  hours  or  more  in  passing 
down;  thus  it  will  be  found  that  a  large  furnace  will  in  24 
hours  absorb  37  tons  of  material,  and  in  the  same  time  yield 
about  7  tons  of  pig  iron.  The  furnace  is  tapped  every  1 2  hours, 
and  the  metal  allowed  to  flow  out  in  front  into  a  bed  of  sand, 
wherein  moulds  are  formed,  being  simply  oblong  semicylindrical 
cavities,  which  deliver  corresponding  bars  or  masses  of  metal, 
technically  termed  *  pigs.' 

A  well-built  furnace  will  last  some  years,  often  five  or  six, 
without  needing  blowing  out  for  repair. 

The  quantity  of  air  injected  by  the  blast-engine  must  be 
carefully  regulated  so  as  to  maintain  efficient  combustion,  and 
experience  of  the  working  of  the  particular  furnace  is  needed  to 
decide  the  amount.  It  is  usually  sent  in  at  a  pressure  of  3  or 
4  lbs.  on  the  inch,  and  by  a  steady  non-intermittent  stream. 
.This  latter  point  is  ensured  by  the  employment  of  very  lai^  air- 
mains,  as  before  stated. 

The  reactions  of  the  blast-furnace  are  briefly  as  follows  :— 
During  the  operation  the  combustion  of  the  fuel  being  carried  to 
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the  utmost,  by  the  oxygen  derived  from  the  air  thrown  in  by  the 
blowing  apparatus,  the  intense  heat  thus  generated  drives  off  all 
moisture,  volatile  gases  (the  carbonio  acid  of  the  flux  thus  passes 
off,  and  also  the  nitrogen  of  the  decomposed  air),  these  escape  at 
the  throat  of  the  furnace.  The  carbonic  anhydride  formed  by  the 
combustion  of  the  coal,  in  passing  through  the  heated  fuel,  takes 
another  proportional  of  carbon,  and  becomes  carbonic  oxide,  itself 
a  combustible  gas.  One  volume  of  carbonic  anhydride  thus  affords 
two  volumes  of  carbonic  oxide,  and  during  this  change  the  tem- 
perature at  the  point  of  its  occurrence,  viz.  the  lower  part  of  the 
boshes,  becomes  much  lowered.  The  carbonic  oxide,  in  company 
with  hydrogen  compounds,  also  derived  from  the  decomposition  of 
the  coal,  together  react  upon  the  ore,  action  being  facilitated  by  the 
large  surface  afforded  by  its  l)eing  in  a  thoroughly  spongy  con- 
dition. Thus  the  ore  is  reduced,  being  changed  from  ferric  oxide 
into  magnetic  oxide,  and  at  times  into  metallic  iron.  This  takes 
place  in  the  boshes,  and  is  quite  completed  as  it  fuses  and  passes 
down,  having  subsided  with  the  flux  into  the  hottest  part  of  the 
furnace.  Here  the  iron  combines  with  a  portion  of  the  carbon  of 
the  fuel  and  sinks  down  through  the  slag  as  cast-iron,  being 
protected  from  the  action  of  the  blast,  by  a  thick  layer  of  slag, 
for  it  would  otherwise  be  liable  to  be  oxidized,  although  its  surface 
is  now  below  the  tuyeres. 

The  scoria  or  slag  is  allowed  to  flow  out  by  the  cinder-notch 
during  the  operation  over  the  dam-stone,  and  when  cold  is 
broken  up  and  taken  away,  or  at  times  cast  into  slabs  for  building 
uses.  Or  it  may  be  received  in  a  truck  formed  of  iron  with 
moveable  sides,  thus  it  is  cast  into  a  square  block,  which  may 
be  removed  in  one  mass  on  taking  off  the  truck  sides;  these 
trucks  are  termed  cinder-tubs. 

These  slags,  termed  blast-furnace  cinders,  are  actual  salts, 
wherein  the  silica  acts  as  an  acid,  and  the  lime  and  similar  con- 
stituents of  the  flux  form  the  base.  They  are  commonly  of  a 
brownish  yellow,  or  of  a  grey  colour,  often  with  a  tinge  of  blue  or 
green.  Two  analyses  may  be  given  as  specimens  of  their  usual 
composition.     The  first  is  one  by  Percy  on  the  slag  from  '  Messrs. 
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Black  well's  hot-blast  furnaces  working  with  coke.'  The  second  is 
an  average  of  thirteen  analyses  made  by  Riley  at  Dowlais,  and 
also  taken  from  Percy's  Metallurgy  of  IroTi^  p.  499  : — 
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The  gases  CTolved  from  the  blast-furnace  have  been  the  subject 
of  much  careful  investigation  by  Tunner,  Ebelmen,  Schafaeutl,  Bun- 
sen,  and  Playfair,  and  others.  It  has  already  been  shown  that  they 
are  utilized  as  sources  of  heat  by  their  combustible  qualities; 
although,  as  will  be  seen,  more  than  half  their  bulk  is  made  up 
of  the  non-combustible  gas  nitrogen,  which  is  separated  from  the 
decomposed  air  of  the  blast.  The  inflammable  gases  are  carbonic 
oxide,  hydrogen,  marsh  gas,  and  defiant  gas,  with  a  small  quantity 
of  cyanogen. 

Out  of  the  number  of  published  analyses,  those  by  Bunsen  and 
Playfair,  made  at  a  furnace  at  the  Alfreton  works,  may  be  given. 
This  furnace  was  40  feet  high.  It  was  worked  by  hot  blast,  and 
coal,  the  blast  having  a  temperature  of  626°F.  ==  330°  C,  and 
a  pressure  of  675  inches  of  mercury.  The  ore  was  calcined  clay- 
band,  and  of  this,  420  lbs.,  with  170  lbs.  limestone  flux,  were 
worked  with  390  lbs.  coal.  These  quantities  were  thrown  into 
the  furnace  every  20  minutes,  and  the  produce  of  this  amount  was 
140  lbs.  iron.  The  following  were  the  analyses  of  the  gases 
collected  at  the  various  depths  down  the  furnace  below  figured : — 
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These  numbera  represent  the  volumea  of  the  respeotiTe  gases,  con- 
tained in  1 00  of  the  mixed  ones,  collected  at  each  depth  figured. 

That  potasuc  cyanide  ie  lai^ly  produced  in  blafit-fiirnaces  has 
long  been  known.  It  is  formed  by  union  of  nitrogen  with  carbon, 
which  takes  place  in  presence  of  potassium ;  the  latter  being 
derived  from  the  ash  of  the  coal,  and  also  from  the  clay  of  the  ore. 
The  salt  was  collected  from  the  Alfreton  furnace  in  large  quantities  ; 
and  as  for  eveiy  100  parts  of  cool,  0778  of  the  salt  is  found, 
Bunsen  and  Playfair  calculated  that  in  a  day's  work  of  the  fiimace 
they  used,  2247  lbs.  of  potassio  cyanide  was  formed.  They  con- 
sider that  it  assists  in  the  reduction  of  the  iron. 

The  pigs  of  iron  thus  obtained  from  the  blast-furnace  are 
actually  cast-iron,  but  in  addition  to  the  requisite  quantity  of 
carbon,  they  usually  contain  a  varying  quantity  of  silicon  ;  the 
carbon  ranging  in  quantity  between  4*8,  and  as  small  an  amount 
as  r; ;  the  silicon  between  47  and  0-65.  Pig-iron  conttuns  also 
eome  sulphur,  as  also  phosphorus,  very  frequently  manganese,  as 
the  ores  of  that  metal  often  accompany  those  of  iron.     It  may 
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also  contain  titanium,  and  occasionally  copper,  arsenic,  cobalt,  and 
chromium.  Ninety  per  cent  may  be  taken  as  the  average 
quantity  of  iron  contained  in  ordinary  pig. 

For  moulding  purposes  it  is  at  once  ready  for  use  ;  but  it  varies 
much  in  quality  ;  this  being  determined  by  the  nature  of  its  firao- 
ture  :  thus  the  smelter  classes  it  as  No.  i  to  4.  By  the  appearance 
of  its  fracture,  No.  1  gives  a  grey,  or  black  and  soft  metal,  being 
the  best  quality  of  cast-iron ;  this  has  a  specific  gravity  of  about 
7*1  ;  No.  2,  mottled  ;  No.  3,  white,  whose  specific  gravity  averages 
7*5  ;  and  last.  No.  4,  called  silver  iron,  being  the  lowest  in  quality. 
The  two  first  qualities  are  at  once  ready  for  the  founder's  use,  hence 
they  are  often  called  foimdry  iron,  and  the  latter  forge.  This  is 
the  practical  division,  but  at  least  eight  varieties  may  be  distin- 
guished between  the  No.  i  (grey),  and  No.  4  (silver  iron). 

The  greater  the  amount  of  carbon  the  more  fusible  the  metal 
will  be.  Its  average  fusing  point  is  2786°  F.  =  1530^0.  The 
iron-founder  for  remelting  chooses  a  higher  carbonized  iron  for  the. 
above  reason,  for  it  is  sure  to  refine  somewhat  in  his  furnace,  and 
in  so  doing  to  become  less  fusible.  Iron,  besides  its  other  advan- 
tages, is  most  useful  for  castings  from  its  expansion  on  cooling, 
causing  the  casts  to  become  very  sharp. 

There  is  a  form  of  white  cast-iron,  which  has  come  into  much 
use,  from  its  great  service  in  the  Bessemer  process,  where  it  is 
employed  to  furnish  the  carbon  required  to  convert  the  purified 
iron  into  steel.  It  is  smelted  in  Germany  from  spathose  ores, 
which  contain  a  large  proportion  of  manganese  ;  at  times  as  much 
as  1 2  per  cent.  It  is  known  as  Spiegel-eisen,  or  mirror  iron,  from 
its  exhibiting  brilliant  tabular  crystalline  surfiices.  From  the 
quantity  of  carbon  it  contains,  it  is  very  fusible.  The  third 
analysis  here  given  shows  the  principal  constituents  of  Spiegel- 
eisen  taken  from  a  very  complete  analysis  made  by  Fresenius. 
With  it  are  two  cast  irons.  The  first  is  that  of  grey  French 
charcoal  iron  which  had  a  specific  gravity  of  7*0  ;  it  was  analyzed 
by  Abel.  The  second  is  one  of  white  Silesian  crystalline  iron,  of 
a  specific  gravity  of  7*531,  and  also  by  Abel. 
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The  operations  already  detailed  are  all  that  are  required  for  the 
production  of  casting  metal ;  but  when  it  is  desired  to  render  the 
iron  malleable,  or,  in  other  words,  to  produce  wrought-iron,  it  is 
subjected  to  certain  chemical  and  mechanical  operations,  which 
may  now  be  described. 

The  first  of  those  is  technically  termed  ^refining,'  and  is  per- 
formed in  'running  out  fires  or  refineries.'  (Figs.  88  and  89.) 
These  are  small  furnaces  built  up  of  hollow  metal  sides  (A  and  a), 
the  upper  ones  (A)  carry  the  chimney  (6),  the  lower  ones  (a)  sur- 
roimd  the  hearth  on  three  sides,  and  are  kept  cool  by  a  quantity 
of  water  circulated  through  them.  The  chimney  (b)  is  about  1 8 
feet  high.  From  the  air-mains  (c)  the  tuyeres  (d)  are  made  to 
point  downwards  so  as  to  direct  their  blast  upon  the  surfeu^e  of 
the  melted  metal  upon  the  hearth  ;  they  are  kept  cool  by  water- 
jackets  supplied  by  the  pipes  («),  and  the  water  is  carried  away 
by  (/),  gg  are  the  water  cisterns.  The  hearth  (A,  fig.  89)  is  about 
3  feet  by  2,  and  2  feet  6  inches  deep.  Six  blast  tuyeres  are  here 
shown.  A  shallow  mould  {%)  is  placed  in  the  front.  This  is  a 
hollow  plate  kept  cool  by  the  circulation  of  water  under  it,  and 
also  further  protected  from  the  hot  metal  by  being  lined  above 
with  loamy  sand. 


In  operfttiDg,  the  heaitb  is  first  filled  with  coke,  npon  this  are 
next  laid  about  six  pigs  of  blast-iron;  and  lastly,  these  at« 
^.^  gjj  cOTered  up  in  coke.     The 

fire  lighted,  a  ntod^ate 
blast  is  put  on ;  the  metal 
melts  and  subsides  to  the 
bottom ;  and  as  the  coke 
now  burns  away  more  is 
supplied  so  as  to  keep 
np  the  foaion  of  the  iron. 
In  this  way  the  greater 
portion  of  those  impuri- 
ties, which  were  essential 

obtaining  the  blast- 
iron,  are  burned  ont,  (or 
in  the  case  of  malleable 
iron  these  are  the  de- 
ments which  destroy  its 
tenacity  and  strength. 

The  bodies  thus  got 
rid  of  are  a  large  portion 
of  the  carbon,  nearly  all 
the  silicon,  phoi^homs^ 
and  some  sulphur;  but 
in  order  to  get  the  pro- 
duct as  free  as  possible 
jdace  of  coke  aa  a  fuel,  to  e: 


Fig.  Iff. 


from  the  latter,  it  is  neoessat;, 

ploy  charcoal,  for  the  former  always  contains  more  or  less  gul. 

phur. 

The  metal  bubbles  np  much  during  the  operation,  quantities 
of  carbonic  oxide  are  given  off  and  assist  the  combustion,  the 
silicon  of  the  metal  is  first  oxidised,  and  the  silica  so  fwmed 
unites  with  a  certain  portion  of  oxide  of  iron,  -so  that  in  the  end 
the  product  is  generally  found  to  be  about  one-tenth  lees  than  the 
metal  employed,  and  the  scorite  separated  are  found  to  consist  of 
ferrous  silicate,' with  other  impurities.     This  slag  is  called  'finery 
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cinder.*   Some  analyses  of  this  are  given  by  Percy  ;*  one  of  these, 
made  by  Riley,  of  *  refinery  cinder  of  the  ordinary  kind,*  gave — 
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Refining  thus  requires  about  two  hours  for  completion,  at  the 
end  of  which  the  metal  is  run  off  upon  the  mould  so  as  to  form  plates 
of  about  two  inches  thick ;  these  are  rendered  brittle  by  suddenly 
throwing  a  quantity  of  cold  water  upon  them  while  hot,  after 
which  they  are  broken  up  for  the  next  operation. 

For  tin  plate-making  very  pure  iron  is  required,  and  hence 
this  operation  is  always  carried  out  for  such  metal  with  chai'coal 
as  a  fuel  The  metal  is  then  first  melted,  and  afterwards  run  into 
the  charcoal  fineries ;  and  when  the  furnace  operation  is  over,  in 
place  of  running  the  metal  out  into  plates,  balls  or  blooms  are 
removed  and  taken  to  the  hammer,  by  which  the  remaining  finery 
cinder  is  driven  out 

In  running  the  metal  ajs- first  described,  the  finery  cinder  also 
flows  out ;  by  its  lower  gravity  this  comes  to  the  top  of  the  cast 
plate,  and  its  detachment  firom  the  metal  is  facilitated  by  the 
water  thrown  upon  it  Regnault  gives  the  following  analyses  of 
metal  before  and  after  refining  {Chimie,  voL  iiL  p.  96)  : — 


Carbon 
Silicon 
Phosphorus . 
Iron 


Before. 

After 

3-0 

17 

4'5 

05 

0-2 

O'O 

923 

97-8 

^  MeimUmtyjf  cf  Jnm,  page  627. 
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The  operation  of  puddling,  originally  devised  byCort,  is  a 
supplementary  one  to  refining )  and  indeed  is  often  carried  out 
upon  the  metal  witbiiut  previous  refining.  It  consists  in  heating 
it  out  of  contact  with  fiiel,  and  when  in  a  state  of  fusion,  stirring 
it  in  such  a  manner  as  to  bring  the  charge  well  in  contact  with 
atmospheric  air,  whose  oxygen  combines  with  tbe  carbon,  and 
other  impurities  of  the  cast-iron.      It  is  carried  out  in    &  lai^ 


reverberatory  furnace  (figs.  90  and  91)  having  a  somewhat  o>vaI  bed 
of  about  6  feet  by  4  at  its  widest  part.  In  modem  furnaces  this  is 
formed  of  iron,  and  is  set  hollow  or  upon  columns,  so  that  by  the 
air  space  below  it  is  prevented  heating  up  too  much.  Its  upper 
surface  and  sides  are  protected  by  being  covered  with  a  layer  of 
ground  slag  and  oxide  of  iron  worked  on ;  and  at  the  fine  end  of 
such  furnaces  the  bed  narrows  and  has  a  low  brick  ridge  raised 
upon  it.  This  is  not  more  than  1  or  3  inches  high,  and  is  for  the 
purpose  of  preventing  the  metal  passing  down,  as  there  is  a  rapid 
fall  at  B,  towards  the  floss  hole,  a  Tbts  fall  is  to  get  rid  of  the 
slags  formed,  which  are  removed  at  the  latter  bole.  At  this  end 
a  chimney,  d,  is  carried  up  for  about  50  feet,  at  the  top  of  which 
a  damper  is  fixed,  capable  of  regulation  by  means  of  a  lever  and 


chain  hy  the  workman  below.     The  bridge,  s,  between  the  furnace 
and  reverberatoiy  bed,  is  high.     The  furnace  itself  is  large,  the 
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fire-place  being  about  ]  feet  x  4.  It  ia  fed  and  regulated  by  an 
opening  in  front,  or  else  by  one  on  the  working  side  at  o.  The 
opening  (f,  fig.  90)  is  the  one  whereat  the  puddling  of  the  metal  is 
carried  on,  consequently  its  door  is  slung  to  the  frame  seen  above 
it,  so  as  to  be  readily  drawn  up.  Lastly,  the  opening,  h,  serves  for 
charging  in  the  metal,  as  also  for  cleanaing  the  bed. 

Upon  the  sole  of  the  furnace  a  charge  of  alwut  4  cwt.  of 
broken  plates  of  refined  iron  is  placed,  at  times  associated  with 
portions  of  unrefined,  or  the  crude  iron  itself  may  be  puddled 
without  undergoing  the  refining  operation.  In  puddling  refined  iron 
alone,  often  termed  '  dry  puddling,'  it  is  customary  to  add  a  certain 
quantity  of  oxide  of  iron,  equal  to  about  one  fourth  the  weight  of 
iron  to  be  worked,  in  the  fonn  of  scales  from  the  forge ;  these  afford 
oxygen  to  the  carbon,  for  in  thia  case  the  carbon  eiistiug  in  the 
metal  being  in  much  smaller  quantity,  there  ia  less  action  set  up 
by  the  escape  of  gas,  and  ^us  less  atmospheric  action,  so  that  the 
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addition  of  some  oxidizing  agent  is  rendered  necessaiy.  ^The 
metal  is  piled  up  round  the  sides,  leaving  the  centre  of  the  bed 
clear.  The  fire  is  then  made  up,  and  the  draught  increased  by 
closing  the  door  and  opening  the  chimney  damper.  The  metal  is 
at  the  same  time  moved  about  so  that  in  about  half-cui-hour  it 
begins  to  fuse  and  settle  down  on  the  sole  of  the  furnace.  The 
heat  is  now  moderated  and  the  metal  kept  stirred.  A  brisk 
evolution  of  carbonic  oxide  takes  place  from  the  whole  sur^EU^e,  as 
the  mass  becomes  sufficiently  fluid  to  allow  of  its  ready  escape, 
giving  it  the  appearance  of  boiling  up.  The  puddler  now  in- 
troduces a  long-handled  paddle  by  the  working  door  and  stirs  the 
gas  as  much  as  possible  out  of  the  mass.  The  combustion  of  this 
carbonic  oxide  assists  in  heating  the  charge,  for  it  bums  all  over  the 
surface  as  it  is  evolved.  Its  production  is  kept  up  by  union  of  the 
carbon  of  the  metal  with  the  oxygen  of  the  iron  scale.  He  next 
works  the  metal  sufficiently  out  of  the  strong  heat  to  cauae  it  to 
assume  a  doughy  consistence,  the  fire  being  at  the  same  time  lowered 
to  just  the  point  at  which  it  suffices  to  keep  it  in  that  state.  It  is 
then  constantly  worked  about  with  the  paddle,  so  as  to  assist  the 
escape  of  the  last  portions  of  carbonaceous  gases,  and  thus,  as  the 
metal  refines,  it  becomes  less  fusible,  until  at  last  it  acquires  a 
sandy,  granular  state,  or  *  comes  to  nature.'  The  heat  is  now  so 
far  increased  as  to  keep  the  balls  of  metal,  into  which  the  puddler 
has  worked  the  whole  charge,  coherent,  or,  as  he  would  say, 
'heavy.*  In  fact,  as  the  carbon  has  been  separated  firom  the 
metal,  so  has  the  fiising  point  risen,  and  increase  of  heat  is  there* 
fore  needful  in  order  to  keep  the  charge  soft  enough  for  working. 
Then,  on  the  other  hand,  from  time  to  time  a  small  quantity  of 
water  is  thrown  into  the  furnace,  when  it  is  found  needful  to 
lower  the  working  temperature. 

When  unrefined  iron,  or  the  pig  as  it  oomes  &om  the  blast- 
furnace, is  operated  upon,  the  charge  is  much  more  fusible,  and 
from  the  same  cause,  viz.  the  greater  amount  of  carbon  present ; 
the  effervescence  or  boiling  will  also  be  greater :  hence  this  process 
is  often  called  '  pig-boiling.' 

At  the  close  of  the  operation  the  workman  gathers  as  laige  a 
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ball  08  be  caa  readily  lift  on  bis  paddle,  and,  placing  tbis  upon  tbe 
bottest  part  of  tbe  beartb,  squeezes  out  as  mucb  of  tbe  scoriae  as 
be  can  so  separate,  repeating  tbis  upon  tbe  wbole  fumace-cbarge. 
Tbe  beat  is  again  raised,  and  tbe  balls,  or  blooms  (wbicb  weigb 
about  80  lbs.  eacb),  are  taken  out  in  succession  for  mecbanical 
treatment,  for  wbicb  removal  tbej  are  Ufted  hj  an  iron  rod,  or 
'porter,'  pressed  into  tbeir  substance. 

Tbe  mecbanical  operations  are  squeezing,  or  else  bammering 
(or  '  sbingling '),  or  rolling  hj  puddling-roUs :  tbus  tbe  blooms  are 
elongated,  and  puddled  bar  is  produced.  Tbis  is  tben  cut  up, 
welded  togetber,  and  again  rolled,  in  order  to  convert  tbe  granular 
texture  of  tbe  metal  into  a  fibroiis  one,  wbicb  is  tbe  cbaracteristic 
of  all  well-manufactured  iron.  Tbus  mercbant  bar,  or  No.  2  iron,  is 
produced ;  and  if  tbis  cutting  up,  welding,  and  rolling,  is  again 
performed.  No.  3  iron  resulta 

Tbe  squeezing  operation  was  performed  by  massive  iron  jaws 
(bence  tbe  apparatus  is  called  an  *  alligator'),  or  else  by  some  form 
of  rotating  squeezer ;  but  tbese  bave  given  place  to  tbe  bammer- 
ing operation,  or  '  sbingling,'  wbicb  is  now  generally  effected  by  a 
Nasmytb's  or  Condie's  steam-bammer.  In  tbe  ordinaxy  steam- 
engine  tbe  cylinder  is  actually  tbe  fixed  part,  tbe  piston-rod 
moving  up  and  down  in  tbe  former,  being  tbe  first  moving  agent 
of  tbe  macbine.  In  tbe  forge-bammer,  bowever,  known  as  Condie's 
bammer  (wbicb,  like  Nasmytb's,  is  actually  tbe  cylinder  arrange- 
ment of  an  ordinary  steam-engine),  tbe  piston-rod  is  firmly  fixed 
in  a  massive  framework,  wbile  tbe  cylinder  itself  moves  up  and 
down  upon  tbis  rod  during  work ;  tbe  cylinder,  being  exceedingly 
massive,  serves  tben  as  a  bammer,  and  is  made  to  act  upon  a 
large  anvil  placed  below,  and  in  its  axis.  For  forge  purposes  tbese 
cyUnders  bave  been  made  of  6  to  7  tons  in  weigbt,  and  witb  a 
stroke  of  7  feet  or  upwards ;  but  for  '  sbingling '  purposes  tbey  are 
usually  from  2  to  3  tons.* 

For  canying  out  tbese  operations,  tbe  puddler  lifts  out  of  bis 

*  The  steam  forge-hammer  employed  by  Krupp  at  Essen  weighs  fifty 
tons,  this  works  on  an  anvil  face  of  180  tons,  the  latter  supported  by  1040 
tons  of  cast-iron  in  eight  blocks :  a  total  weight  of  1170  tons. 
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fiimace  a  mass  of  from  60  to  80  pounds  weight,  being,  in  fact,  as 
heavy  a  ball  as  he  can  collect  and  work  :  taking  this  upon  the  end 
of  his  rod  or  porter  in  a  thoroughly  hot  state,  he  places  it  upon 
the  anvil :  the  hammer,  then  being  set  in  action,  hammers  or 
rather  squeezes  out  the  still  fluid  slag,  and  condenses  the  purer 
metal.  Watching  this  operation,  as  done  at  Wednesbury  upon 
some  puddled  blooms,  the  workman  first  hammered  upon  the  flat 
sides,  turning  them  about  and  employing  a  kind  of  squeezing  blow : 
thus  a  fluid  slag  was  driven  out  in  all  directions.  The  bloom  was 
then  set  up  end-ways,  by  which  more  was  separated ;  and  after  this 
the  blows  were  increased  in  speed  and  force,  so  as  to  condense  the 
mass. 

The  blocks  so  obtained  are  then  passed  through  grooved  rollers 
(of  about  18  inches  diameter  by  5  feet  long),  so  as  to  lengthen 
them ;  these  bars  are  then  cut  up  (as  before  stated)  and  fagotted 
together ;  and  the  oftener  this  is  repeated  the  more  fibrous  will  be 
the  texture  of  the  product  By  means  of  these  first  rollers  much 
scale  will  be  separated  from  the  heated  metal ;  this  is  washed 
away  by  the  stream  of  water  which  is  kept  flowing  over  the  rollers 
in  order  to  keep  them  from  heating  by  contact  with  the  hot  bars. 
The  workman  moves  the  metal  to  the  rollers  by  tongs,  and  the 
slight  roughening  of  the  latter  causes  them  readily  to  seize  upon 
the  mass  and  drag  it  through.  Lastly,  by  passing  the  metal 
through  finishing  rollers  the  form  desired  is  given  to  it,  as  round 
rods,  square  or  other  bars,  or  such  forms  as  T-iron,  angle-iron, 
railway-rails,  and  others. 

After  the  removal  of  the  blooms  from  the  puddling  furnace, 
the  slag  or  scoriae  are  cleared  out.  This,  like  the  *  refinery  cinder,* 
is  an  iron  silicate,  containing  also  some  iron  phosphate  and  sul- 
phide. They  contain  from  50  to  60  per  cent  of  iron,  and  are 
sometimes  reserved  for  reduction  by  means  of  lime  as  a  flux ;  but 
the  iron  produced  from  them  is  of  very  inferior  quality,  and  always 
cold  short 

In  welding  puddled  bar  for  conversion  into  merchant  iron,  the 
heating  is  performed  in  a  reverberatory  furnace,  where  they  are 
heated  to  just  a  welding  heat,  air  being  cai*efully  excluded,  which. 
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if  admitted,  would  tend  to  prevent  cohesion  by  oxidizing  the  sur- 
face. For  this  object  the  openings  are  carefiiUy  placed,  and  the 
one  for  introducing  and  withdrawing  the  bars  is  placed  under  the 
shaft  and  at  the  back  of  the  bed.  Thus  any  rush  in  of  cold  air 
takes  a  course  into  the  flue,  and  does  not  pass  over  the  heated  bars 
on  the  bed. 

There  is  now  much  demand  for  large  plates  ;  and ,  the  size  of 
these,  as  produced  by  rolling,  is  something  astonishing.  Thus  in 
the  Exhibition  of  1 862,  amongst  others,  was  an  armour-plate  rolled 
by  J.  Brown  &  Co.,  which  measured  21  ft.  8  long  by  4  fL  2  wide 
and  6 J  inches  thick:  it  weighed  10  tons  12  cwt. 

In  the  process  of  puddling,  just  described,  it  will  be  seen  that 
the  separation  of  impurities  from  the  crude  iron,  although  effected 
by  atmospheric  oxidation,  yet  requires  much  labour  on  the  part  of 
an  operative,  who  must  possess  also  a  large  amount  of  skill  and 
judgment,  without  which  the  iron  produced  will  not  be  of  good 
quality.  Hence  many  schemes  have  been  devised  to  do  away,  to 
a  great  extent,  with  manual  labour;  and,  indeed,  the  Bessemer 
operation,  by  which  steel  is  now  largely  produced,  took  its  origin 
in  the  attempts  to  produce  malleable  iron  by  blowing  air  through 
the  fused  crude  metaL  But  puddling  operations  are  still  carried 
on  as  before,  and  the  chief  improvements  relating  to  them  are 
those  for  the  utilization  of  the  waste  heat  from  these  large  furnaces, 
which  is  now  much  employed  in  heating  the  boilers  of  steam- 
engines  on  the  works.  And,  again,  Siemens  has  much  improved 
the  furnaces  themselves,  by  employing  gaseous  fuels,  and  his 
regenerators,  in  place  of  the  solid  fuel  always  formerly  em- 
ployed. 

Steel. 

Steel  is  simply  iron  chemically  combined  with  just  the  amount 
of  carbon  which  will  give  it  its  extreme  amount  of  toughness  and 
hardness,  without  being  sufficient  to  render  it  brittle  in  itself, 
while  at  the  same  time  a  condition  of  metal  is  produced,  wherein 
yet  increased  hardness  and  brittleness  can  be  given  to  it  by  the 
mechanical  means  of  heating,  and  then  suddenly  cooling;  and 
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further,  admitting  of  the  original  amount  of  soilness  being  re- 
stored by  again  heating  and  slowly  cooling.  And  another  cha- 
racteristic property  of  iron  carbonized  to  the  condition  of  steel  is 
its  power  of  permanently  retaining  magnetic  properties  if  con- 
ferred upon  it. 

In  truth,  the  relative  proportion  of  carbon  contained  in  iron 
(supposing  the  metal  comparatively  pure  as  regards  other  de- 
teriorating agents)  seems  entirely  to  control  the  quality  of  the 
metal,  and  the  more  completely  it  can  be  refined  from  it,  the 
softer  and  more  malleable  will  be  the  product. 

Then,  as  to  the  actual  amoimt  of  carbon  producing  the 
dififerent  forms  of  iron  and  steel ;  starting  from  the  best  kinds  of 
iron,  such  as  can  be  employed  for  drawing  fine  flexible  iron  wire, 
for  example.  This  would  be  found  to  contain  not  more  than 
0'i2  per  cent  carbon. 

Between  this  and  steel  would  come  ordinary  malleable  iron, 
containing  about  0*2  per  cent,  and  next  we  may  place  steel ;  and 
from  older  analyses  the  following  results  may  be  given  : — ^First, 
Mushet  found  in  soft  steel,  0*833  c^bon ;  in  ordinary  steel,  1*00 ; 
in  ordinary  hard,  i  *  1 1 ;  and  in  the  hardest,  1  ^67  per  cent 
Berthier  gives  the  amount  in  ordinary  English  steel  as  i  '87.  But 
in  later  analyses,  given  by  Siemens  (see  Jour.  Chem,  Soe.  1868, 
p.  2bi),  and  made  for  him  by  A.  Willis,  hard  steel  for  file-making 
is  stated  to  contain  but  i  '2  per  cent.  '  Huntsman's  steel  for 
cutting  tools,  1  down  to  075  per  cent..  And  other  examples  are 
given  with  yet  less  carbon  down  to  o*  1 8,  which  he  designates  as 
very  mild  steel.  But  he  remarks,  that  *  cast^steel,  containing  less 
than  0*3  per  cent  is  no  longer  capable  of  being  hardened,  and 
should  be  classed  rather  as  homogeneous,  or  melted  iron,  than 
steel,  while,  on  the  other  hand,  an  excess  of  carbon  above  i  '4  per 
cent  again  deprives  the  metal  of  the  quality  of  taking  a  temper, 
and  it  must  be  regarded  as  approaching  in  character  rather  to 
white  cast-iron.'  Henry's  analysis  of  Wootz,  or  Indian  steel,  is 
given  in  the  same  paper  as  containing  i  '34  per  cent. 

.    Then  as  the  carbon  increases  in  amount,  the  various  kinds  of 
cast-iron  would  result.     Of  these  the  following  estimates  have 
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been  given: — First,  Calvert  and  Johnson,  in  some  experiments 
upon  manufactured  iron  in  its  stages,  give  pig-iron  as  containing 
2*275  carbon.  Next,  Gay  Lussac,  in  examination  of  good  varieties 
of  Welsh  iron,  found  in  three  specimens  the  quantities  2-55,  2*45, 
and  1  'JS6  per  cent  While,  lastly,  in  three  analyses  by  Brande, 
he  found  3*22,  3*23,  and  2-25  per  cent  The  greater  the  amount 
of  carbon  the  more  fusible  the  metal  will  always  be. 

Faraday  and  Stodart  tried  to  'saturate'  some  iron  with  carbon, 
and  for  this  purpose  they  fused  finely  divided  iron  with  charcoal ; 
by  which  proceeding  a  dark  grey  fusible  carbide  of  iron  was 
obtained,  so  brittle  that  it  might  be  pounded  in  a  mortar ;  this 
contained  5*64  per  cent  carbon. 

As  to  the  formation  of  steel : — If  an  iron  wire  be  immersed  in 
molten  cast-iron,  and  then  allowing  the  metal  to  become  solid,  it 
be  kept  hot  for  about  four  or  five  hours,  the  inserted  wire  will  be 
found  to  have  been  converted  into  steel.  The  conversion  will  be 
also  efiected  if  we  surround  the  iron  by  charcoal,  or  even  coal-gas 
(a  gas  very  rich  in  carbon) ;  or  if  we  employ  turnings  of  cast-iron, 
and,  indeed,  with  the  last  agent  the  change  will  take  place  at  a 
much  lower  temperature  than  with  charcoal  in  the  ordinary  way. 
This,  which  is  the  usual  method  of  forming  steel,  is  called  the 
'  cementation'  process,  and  is  effected  by  means  of  some  such 
agent  as  above,  which  is  the  '  cement,'  and  by  contact  with  which 
the  outer  layer  of  the  bar  operated  upon,  takes  a  portion  of 
carbon.  It  has  been  said  that  this  is  then  transferred  to  the  next 
layer,  while  the  first  absorbs  a  firesh  supply,  and  so  on  throughout 
the  mass.  But  the  conversion  is  more  likely  affected  by  means 
of  gaseous  matter.  Graham,  in  his  experiments  upon  the  ab- 
sorption or  'occlusion'  of  gases  by  metals,  has  found  that  iron  at 
a  red  heat  will  thus  take  up  nearly  eight  times  its  volume  of 
carbonic  oxide.  Now  this  may  part  with  a  portion  of  its  carbon 
to  the  metal,  and  again  itself  take  carbon  from  the  cement 
powder  for  its  reconversion  into  carbonic  oxide,  and  thus  the 
steelifying  action  is  kept  up,  and  the  supply  of  oxygen  for  the 
first  production  would  be  present  in  the  air  enclosed  in  the 
troughs,  and  porous  materials  of  the  cement  powder. 


Cementation  is  carried  on  in  a  furnace  of  the  shape  of  an  ordi- 
naiy  kilu.     The  lower  part  of  this  is  shown  in  the  drawing.     At 
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A,  are  the  grate  and  hearth.  Above  this,  and  upon  each  side,  is 
placed  a  long  trough,  b,  b,  often  formed  in  fire-clay  ;  these  are 
about  2  feet  square  by  14  feet  long.  They  are  so  arranged  as 
that  the  fire  may  play  under  them,  and  its  products  pass  away 
above  the  dome,  c,  by  the  small  flue  seen  on  each  side,  as  also  at 
the  small  square  openings  behind,  into  the  main  shaft  or  body,  D. 
The  troughs  are  arched  or  domed  over  from  flue  to  flue,  and 
at  the  bock  of  the  furnace  a  door  is  placed  to  enter  for  filling 
them. 

Now,  in  charging  them,  a  layer  of  cement  is  first  evenly  spread 
over  the  bottom  of  each  trough,  to  the  depth  of  about  two  inches ; 
this  is  a  compound  of  ten  parte  charcoal  with  one  of  ashes  and 
oommoQ  salt  Upon  this  is  laid  a  tier  of  thin  iron  bars  for  con- 
version ;  the  very  best  kinds  of  malleable  iron  being  chosen,  and 
that  variety  of  Swedish,  known  in  the  trade  as  '  Hoop  L,'  frt>m  its 
being  marked  with  a  letter  L,  suiTounded  by  a  ring  or  hoop,  is 
much  preferred.  These  bars  are  put  about  half  an  inch  apart, 
and  then  between  and  upon  them,  another  quantity  of  cement  is 
placed.  Then  a  second  tier  of  bars,  then  again  cement,  and  so  on 
alternately,  until  the  troughs  are  nearly  full.  The  charge  amount- 
ing to  about  1 6  up  to  18  tons  of  bars.  Lastly,  a  layer  of  cement, 
then  some  moist  sand,  or  a  close  packing  of  fire^ay,  and  upon  all 
a  luted  cover  of  fire-tiles,  so  as  to  exclude  the  air. 
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A  coal  fire  is  now  lighted  in  grate  rising  between  troughs,  and 
a  full  red  heat  got  up  ; — a  temperature  of  about  2000®  Fahr.  = 
1093^  C.     This  is  kept  steadily  up  for  about  seven  days. 

During  this  time  the  bars  gradually  acquire  a  crystalline  tex- 
ture, and  the  progress  of  the  operation  is  tested  from  time  to  time 
by  this  change  of  structure,  a  bar  being  withdrawn  for  the  pur- 
pose by  a  hole  at  the  end  of  each  trough,  called  the  proof-hole, 
and  then  broken  for  examination.  When  the  operation  is  complete, 
some  days  are  allowed  for  the  metal  to  cool  down  gradually,  after 
which  the  chaise  is  withdrawn ;  and  the  bars  examined  by  fracture, 
so  as  to  class  them  as  to  quality. 

On  examination  of  the  product,  the  charge  (usually  of  about 
ten  tons)  would  be  found  to  haye  increased  about  ^^th  part  in 
weight,  and  the  bars  externally  to  be  covered  with  large  blisters, 
frx}m  the  expansion  of  gases  within  the  substance  ;  hence  the  metal 
is  called  blistered  steeL  These  blisters  were  supposed  by  the  late 
Mr.  Henry  to  depend  upon  the  formation  of  carbon  bisulphide, 
ftt)m  the  union  of  the  sulphur  (retained  in  small  proportion  even 
by  the  best  iron)  with  carbon,  the  volatile  gas  produced  raising  a 
skin  of  the  hot  metal.  Against  this  it  may  be  urged  that  Swedish 
iron  is  smelted  by  charcoid,  and  hence  contains  no  sulphur  beyond 
the  small  traces  which  may  have  existed  in  the  ore.  Others  sup- 
pose that  some  oxide  of  iron  upon  the  metal  is  similarly  reduced, 
and  the  eflfect  is  then  due  to  carbonic  oxide. 

If  the  theory  of  the  conversion  depend,  as  above  stated,  upon 
the  decomposition  of  carbonic  oxide,  carbonic  anhydride  as  gas 
must  be  evolved  from  the  bars,  and  may  not  this  be  the  cause  of 
the  blistering?  But  all  rolled  metals  when  slowly  heated  have  a 
tendency  to  such  blistering ;  thus  a  silver  bar,  or  an  assay  ribbon 
of  silver  and  gold,  will  often  exhibit  just  the  same  surface  after  a 
slow  and  good  annealing. 

The  increase  of  weight  is,  perhaps,  the  best  test  of  the  perfec- 
tion of  the  steeling  process,  for  it  is  not  found  to  take  place  if  iron 
of  bad  quality  has  been  employed.  Then,  if  the  process  be  carried 
on  too  long,  too  much  carbon  will  be  absorbed,  and  the  product 
will  become  so  fusible  that  it  will  often  run  the  exterior  of  the 
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bars  together  in  a  mass.     In  fact,  the  metal  will  approach  east- 
iron  in  its  character. 

The  blistered  steel  is  the  first,  or  rough  manufocture,  and  the 
metal  is  employed  in  this  state  for  files  and  .any  coarser  tools ;  but 
there  are  several  varieties  of  manufactured  steel  made  for  the  finer 
kinds  of  cutting  instruments.  First  of  these,  ^  shear  steel/  is  so 
named  from  being  employed  for  tailors'  shears,  and  cutting  instru- 
ments not  needing  great  hardness.  It  is  produced  by  cutting  up 
bars  of  blistered  steel  into  lengths  of  2  feet  6  inches,  and  binding 
them  in  bundles  of  from  five  to  eight  or  nine  by  a  ring  of  steel,  a 
rod  or  longer  bar,  being  used  for  a  handle.  These  are  then  brought 
to  a  welding  heat,  and  welded  together  under  a  tilt-hammer.  Th« 
binding  ring  is  then  removed,  and,  after  reheating,  the  mass  foiged 
solid,  and  it  is  then  extended  into  a  bar.  At  times  the  bar  so 
formed  is  divided  and  the  welding  is  repeated,  when  it  is  called 
'  double-shear  steel.'  The  product  of  the  tilt-hammer  just  described 
is  also  called  '  tilted  steeL' 

Cast  steel  is  the  best  variety  for  the  manufacture  of  all  fine 
cutting  tools.  This  is  a  simple  mixture  of  scraps  of  different 
varieties  of  blistered  steel.  These  are  collected  together  for  melt- 
ing in  a  good  refractory  Stourbridge  clay  pot.  In  making  these 
steel  pots,  as  they  have  to  stand  a  great  heat,  great  care  is  used. 
The  clay  cannot  have  too  much  kneading,  and  foot  treading  is  found 
to  be  preferable  to  any  machine  methods.  A  lai^  proportion  of 
black  lead  is  used  with  the  clay,  and  no  old  ground  pots.  They 
are  formed  in  an  iron  mould,  and  the  inside  cavity  by  an  iron 
'  former,'  driven  in  until  a  given  weight  of  clay  is  brought  up  to 
the  top  edge  of  the  mould.  ♦ 

Into  each  pot,  previously  annealed,  from  70  lbs.  to  Solba.  of  scrap 
steel  are  put,  and  with  it  a  small  addition  of  some  body  known  to 
the  workmen  as  physic.  This  may  be  some  carbonaceous  or  nitro- 
genous matter  with  also  a  little  flux,  such  as  powdered  glass ; 
upon  the  chai^ged  pot  a  cover  is  luted,  and  it  is  then  exposed  to 

*  Percy  gives  the  following  materials  as  used  for  the  formation  of  steel 
pots: — Edensor  clay,  15  lbs.;  Stannington  ditto,  7  lbs.;  old  ground  pots,  a 
lbs. ;  ground  cinders,  i  lb. 
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an  intense  heat  in  a  wind-furnace  for  three  or  four  hours;  the 
tops  of  these  furnaces  are  generally  level  with  the  floor  of  the 
casting  shop,  and  they  are  fired  from  an  underneath  passage-way. 
When  thoroughly  melted,  the  pot  is  removed  and  its  contents 
poured  into  an  ingot-mould ;  the  pot  is  then  refilled,  and  so  on 
for  a  third  charge ;  after  which  new  pots  have  to  be  employed. 
But  the  heat  is  more  speedily  got  up  in  a  warm  used  pot,  whereby, 
consequently,  an  hour  is  saved  in  the  fusion. 

The  moulds  are  generally  long  rectangular  ones,  and  are,  after 
heating  them,  placed  upright  for  pouring  into.  This  must  be 
carefully  done  exactly  down  the  centre,  so  as  to  fill  from  the 
bottom,  for  if  the  sides  are  touched  by  the  metal  in  passing  down, 
it  will  be  cooled^  and  the  bar  turn  out  unsound.  After  pouring, 
a  little  pand  is  sprinkled  on  the  top,  and  a  small  plug  put  in,  and 
there  is  very  little  shrinking. 

Cast  steel  is  sometimes  poured  round  a  solid  core  of  iron,  and 
thus  excellent  compound  bars  are  formed  which,  if  used  for  pur* 
poses  where  they  are  required  to  be  hardened,  are  much  less  liable 
to  hardening  accidents  than  if  all  of  steel.  The  iron  bar  is  first 
polished,  then  heated  and  sprinkled  with  borax,  and  then  placed 
in  the  centre  of  the  mould  and  the  cast  steel  poured  in. 

The  melting  operations  above  described  are  for  the  purpose  of 
rendering  steel  homogeneous  in  texture,  a  point  of  vital  import- 
ance in  all  fine  cutting  instruments  (surgeons*  instruments,  for 
example),  for  blistered  steel  is  always  slightly  less  carburetted  as 
we  pass  to  the  interior  of  the  bar ;  hence,  when  blistered  is  tilted, 
the  same  condition  exists,  although  divided  to  just  the  extent  to 
which  the  original  bar  has  been  cut  and  multiplied  for  welding ; 
but  in  well-cast  steel  a  perfect  distribution  of  its  elements  will 
have  taken  place,  but  at  the  same  time  it  is  rendered  more  or  less 
crystalline  ;  hence  the  ingot  from  the  mould  must  be  heated  in  a 
forge  and  well  hammered,  carefully  at  first,  until  the  granular 
particles  are  somewhat  elongated  into  fibres ;  then  the  blows 
are  increased  in  strength ;  and,  lastly,  the  bar  finished  under  the 
tilt-hammer,  or  by  the  rolling-mill.  In  rolling  both  iron  and  steel, 
but  more  especially  the  latter,  great  speed  is  used,  and  the  work 
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is  passed  through  quickly  while  well  hot,  and  as  a  red  heat  is 
used  the  rollers  are  kept  cool  by  a  stream  of  water. 

In  all  kinds  of  steel  the  quality  is  thus  much  improved  and 
especially  by  hammer  hardening,  or  working  under  the  hammer 
until  the  previously  hot  bar  is  cold ;  its  substance  will  thus  be- 
come much  condensed.  The  finest  kinds  of  cast  steel  for  forming 
small  tools  are  sold  as  '  Huntsman's  cast  steel.'  So  called  after 
the  originator  of  the  process.  Cast  steel  is  now  melted  in  yeiy 
large  ingots,  and  one  of  the  largest  yet  made  was  that  shown  by 
Knipp  at  the  exhibition  of  1862.  It  was  a  sound  ingot  of  21  tons 
weight,  and  had  been  melted  in  separate  crucibles  containing 
about  70  lbs  each,  and  poured  so  continuously  as  to  form  a  sound 
casting,  an  example  of  the  perfection  of  the  oiganl^d  working  of  a 
large  number  of  men. 

Referring  back  to  the  process  whereby  malleable  iron  is  ob- 
tained, the  excellence  of  which  has  been  shown  to  depend  much 
upon  the  absence  of  carbon  as  well  as  other  impurities,  it  may 
strike  the  reader  as  an  unnecessary  proceeding,  first  to  separate 
carbon  to  produce  malleable  iron,  and  then  subsequently  to  add  it 
again,  for  the  production  of  steel. 

This  is  true  to  some  extent :  hence  steel  is  now  largely  made 
by  employing  the  finer  kinds  of  pig-iron,  and  separating  the  excess 
of  carbon  from  it,  over  and  above  what  is  required,  to  form  steeL 
And  the  object  is  now  attained  by  several  methods.  Indeed 
Bessemer  steel  is  a  result  of  attempts  in  this  direction,  but  it  will 
be  presently  seen  that  it  cannot  now  be  said  to  be  produced  with- 
out purification  of  the  metal  and  subsequent  addition  of  the 
requisite  carbon.  Before  describing  Bessemer's  operation,  some 
other  of  these  methods  may  be  briefly  specified. 

ist.  Steel  may  be  produced  in  puddling  pig-iron,  by  arresting 
the  operation  at  the  point  at  which  just  the  requisite  quantity  of 
carbon  is  left  in  the  iron.  Some  manganic  oxide,  and  sodio  chlo- 
ride are  added  during  the  operation.  But  this  steel  known  as 
puddled  steel,  is  inferior  in  quality,  and  is  consequently  only  em- 
ployed for  large  works. 

2iid.  Analogous  to  the  last  is  the  steel  produced  by  Price  and. 
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Nicholson's  process.  They  employ  refined  pig,  and  fuse  it  with 
malleable  iron  in  the  proper  proportions  to  contain  the  amount 
of  carbon  needed. 

3rd.  Uchatius's  method  consists  in  first  fusing  pig-iron  and 
granulating  it.  This  is  then  mixed  with  oxides  of  iron  in  proper 
proportions,  and  next  heated  in  a  steel  melting  furnace.  Thus  the 
oxygen  of  the  oxide  takes  the  excess  of  carbon  in  the  cast  iron ; 
carbonic  oxide  is  formed  and  eTolved,  and  the  process  is  stopped 
with  just  the  fit  quantity  of  associated  carbon. 

4th.  Siemens  produces  malleable  steel  direct  from  iron  ores  by 
melting  pig-iron  in  a  regenerative  gas  furnace,  and  then  reducing 
the  ore  above  the  bath,  allowing  it  to  descend  into,  and  mix  with  it. 

He  operates  by  first  charging  in  about  10  cwt.  of  pig-iron  and 
fusing  it  in  the  bed  of  his  furnace  (see  fig.  1 3,  p.  79)  over  this  he 
places  the  hoppers  of  ore  a  a  and  passing  into  them  a  tube  con- 
veying gas.  He  reconunends  the  employment  of  the  better  kinds 
of  ores  such  as  the  hsematitesy  magnetic  oxides,  and  spathic 
carbonates.  About  28  lbs.  of  charcoal  is  first  chaiged  into  the 
hoppers,  and  then  the  ore. 

The  pig-iron  is  melted  on  the  bed,  and  the  ore  in  the  hoppers 
heated  in  an  atmosphere  of  reducing  ga&  Thus  it  is  partially 
reduced  to  spongy  metal,  which  is  dissolved  as  it  descends  in  the 
metallic  bath  below,  and  the  reduction  is  completed  by  the  excess 
of  carbon  of  the  metal  in  the  bath.  Fresh  ore  is  supplied  as  it 
descends  and  is  reduced. 

The  bath  is  tested  from  time  to  time,  as  to  its  consistence.  If  it 
is  too  solid,  pig-iron  is  added  to  liquefy  it.  If  it  contain  excess  of 
carbon,  oxidizing  agents  may  be  added  in  requisite  proportions, 
and  finally  5  to  8  per  cent  of  spiegel-eisen ;  after  which  the 
metal  is  tapped  out  of  the  furnace,  the  great  heat  of  which  is  ample 
to  admit  of  the  partially  decarbonized  metal  remaining  quite  fluid. 
Mr.  Siemens  estimates  the  temperature  at  2  200^ C. =about  4000°  F.; 
the  description  of  the  furnace,  &c.  for  this  operation  as  shown  at 
page  79  has  been  taken  from  the  Journal  Chem,  Soc  Vol.  xxi., 
p.  306,  to  which  excellent  lecture  upon  steel  by  this  process,  the 
reader  is  referred. 
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The  first  experiments  by  Bessemer  were  with  a  view  to  the 
production  of  iron  in  a  malleable  state  without  the  ordinary 
refining  and  puddling  operations,  and  in  1856  he  communicated  to 
the  British  Association  these  details  of  his  method  : — 

He  built  a  cylindrical  furnace,  of  about  3  feet  in  diameter  and 
5  high,  resembling  a  large  crucible,  and  brought  into  the  lower 
part,  close  to  the  bottom,  five  Stourbridge  clay  tuyeres  from  a 
powerful  blowing  machine.  Into  the  yessel  he  ran  the  crude 
mQtal  from  the  blast  furnace,  until  it  occupied  about  2  feet  in 
depth,  having  previously  turned  on  the  blast  of  air.  Immediatdy 
upon  running  in,  a  violent  motion  was  given  to  it  by  the  blast, 
and  the  union  of  the  oxygen  with  the  carboh  of  the  metal  pro- 
duced so  great  an  increase  of  temperature,  that  not  only  was  no 
heat  needed  for  maintaining  fusion,  but,  on  the  contraiy,  sparks 
and  even  flame  issued  from  the  top  of  the  chamber.  In  about  a 
quarter  of  an  hour  all  the  mechanically  diffused  carbon  was  sepa- 
rated, and  then  action  arose  on  chemically  combined  carbon ;  this 
was  evidenced  by  violent  increase  of  action,  as  well  as  of  tempe- 
rature, the  metal  seeming  to  boil  and  becoming  covered  with  a 
frothy  slag ;  during  which  the  other  impurities,  as  sulphur  and 
silicium,  were  stated  by  Bessemer  to  be  most  completely  separated. 
Ultimately,  at  the  expiration  of  some  30  to  35  minutes  only,  the 
iron  was  run  out  at  a  tap-hole  in  a  pure  and  malleable  state. 

Such  were  the  first  results  of  the  process ;  but  it  was  found 
that  much  of  the  sulphur,  as  also  any  phosphorus  was  retained ; 
and,  moreover,  that  there  was  great  loss  of  metal  by  its  retention 
in  the  slags  formed  :  amounting  to  fully  20  per  cent. 

But  it  will  be  readily  understood  that  if  this  admirable  process 
be  applied  to  pig-iron,  wherein  these  impurities  do  not  exist,  and 
if,  also,  it  be  stopped  when  the  iron  is  brought  to  the  degree  of 
carbonization  corresponding  to  that  of  steel,  a  quality  of  metal  is 
produced  exactly  resembling  good  cast  steel — in  fact,  it  is  the 
same  thing — and  only  requires,  further,  the  rolling  and  mecha- 
nical treatment  necessary  to  develope  the  fibre.  The  difficulty, 
however,  is  to  stop  just  at  the  point  where  the  fit  or  a  definite 
amount  of  carbon  is  retained.     Hence  Bessemer  now  decarbonises 
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as  far  as  possible,  and  then  assuming  he  has  iron  free  from  carbon, 
adds  the  latter  to  the  desired  amount,  employing  for  this  Spiegel- 
eisen,  whose  value  in  carbon  has  been  first  determined  by  analysis. 
This  Spiegel-eisen  is  a  hard  white  cast-iron,  which  has  a  silver 
crystalline  fracture  in  bright  mirror-like  tables,  whence  its  name. 
As  it  is  reduced  from  spathic  ores  containing  manganese,  it  always 
retains  a  considerable  proportion  of  this  latter  metal,  while  it  is  at 
the  same  time  very  rich  in  carbon,  loo  parts  of  this  iron  contain 
about  4  to  4*5  parts  carbon,  and  an  average  of  lo  parts  of  manga- 
nese, which  is  itself  a  valuable  adjunct  to  the  steeL  It  also 
retains  about  i  per  cent  silicon,  but  Bessemer  says  that  he  finds 
*05  per  cent  of  silicon  in  molten  steel  valuable  in  destroying  any 
tendency  to  ebidlition,  and  in  causing  the  metal  to  lie  quietly  in 
the  mould. 

The  Bessemer  operation  is  now  carried  on  in  a  wrought-iron 
pear-shaped  vessel  (Figs.  93  and  94),  made  in  two  portions,  and 
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Fig.  94. 


bolted  together  by  a  flange  (a)  formed  upon  each  portion.  This 
admits  of  their  being  lined  by  good  fire  material  (6),  over  the 
whole  of  their  interior.  The  bottom  is  flat  for  the  admission  of 
the  tuyeres  (ee)  which  pass  through  fire-brick,  six  or  seven  of 
which  are  buUt  into  the  bottom,  and  each  perforated  with  5  holes. 
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these  are  of  about  f  inch  diameter.  The  top  portion  of  the  con- 
verter ends  in  a  conical  neck  which  opens  obliquely  to  the  side 
and  upwards,  as  in  Fig.  94.  These  vessels  are  made  to  contain 
charges  varying  from  4  to  10  tons,  and  are  suspended  on  trun- 
nions so  as  to  be  movable  upon  their  axis  (c),  so  as  to  turn  them 
with  the  mouth  either  upwards  or  downwards,  the  movements 
being  readily  effected  by  hydraulic  machinery.  Through  the  trun- 
nion on  one  side  the  blast  is  passed,  and  so  down  to  the  tuyeres  by 
a  pipe  {d ),  carried  parallel  to  the  outside  of  the  converter.  Bes- 
semer also  emplojTs  globular  converters,  and  in  them  passes  the 
blast  in  at  the  top,  carrying  it  down  to  the  bottom  by  a  fire-brick 
channel  with  openings  at  the  lower  end  for  the  air  exit 

The  operation,  as  the  author  first  saw  it  carried  out  at  Messrs. 
Lloyds  Fosters',  at  Wednesbury,  was  performed  as  follows  :  —  A 
small  quantity  of  lighted  coke  was  first  put  in,  and  a  slight  blast 
turned  on,  so  as  to  heat  the  vessel  slightly  up.  This  done,  it  was 
inverted,  mouth  downwards,  so  as  to  turn  out  the  coke,  and  the 
apparatus  was  thus  ready  for  the  charge.  It  was  next  turned 
mouth  upwards,  and  the  blast  put  on,  and  the  crude  pig-iron  to 
be  operated  upon  was  then  run  in  by  a  clay-lined  trough  laid  from 
the  iron  furnace  to  the  mouth  of  the  converter.  The  blast  was 
first  put  on  as  described  in  order  to  prevent  the  tuyere-holes 
becoming  choked  by  the  metal. 

The  charge  of  four  tons  having  run  in,  the  full  power  of  the 
blast  (usually  of  about  1 5  lbs.  to  the  inch)  was  put  on ;  and  the 
air  thus  entering  the  hot  metal  under  considerable  pressure, 
breaks  up  into  a  stream  of  small  bubbles,  which  difiuse  through 
the  charge,  and  first  attack  the  contained  silicon,  and  oxidiee  it. 
This  takes  place  without  any  accompanying  flame.  Then,  after 
eight  to  ten  minutes,  action  commences  upon  the  carbon,  and 
intense  combustion  was  now  manifested,  and  a  long  luminous 
flame  of  carbonic  oxide,  somewhat  coloured  by  the  combustion  of 
other  matters,  passed  out  with  a  roaring  blast,  for  the  nitrogen 
of  the  decomposed  air  also  rushes  out,  together  with  a  shower  of 
scoriae,  which  latter  are  deposited  in  the- chimney.  The  oxidation 
of  portions  of  the  iron,  which  also  takes  place,  itself  produces 
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intense  heat  This  oxide  of  iron  combines  with  silica  from  the 
oxidized  silicon,  and  thus  a  slag  is  formed  which  is  constantly 
thrown  up  to  the  mouth  of  the  converter.  After  some  eighteen 
minutes  the  flame  at  the  mouth  appeared  paler,  for  the  metal  had 
then  parted  with  nearly  all  the  carbon ;  and  the  operation  was 
carried  on  until  sparks  of  pure  iron  in  combustion  were  showered 
out  of  the  converter.  The  operation  was  then  stopped,  as  the 
vessel  contained  only  pure  malleable  iron,  and  kept  quite  fluid  by 
means  of  the  intense  heat  developed  by  the  active  chemical  action 
which  had  been  carried  on.  Lastly,  the  proper  quantity  of  Spiegel- 
eisen  was  added,  or  just  the  amount  required  to  carbonize  the  iron 
to  the  extent  of  producing  steel.  After  this  addition  the  blast 
was  again  turned  on  gently,  so  as  thoroughly  to  mix  the  metals. 
This  done,  the  whole  was  cast  in  iron  ingot-moulds. 

For  casting,  the  metal  is  run  into  a  large  ladle  lined  with 
fire-loam,  and  of  a  size  to  contain  the  converter  charge.  It  is 
furnished  with  an  opening  at  the  bottom,  closed  by  a  plug,  so  as 
to  allow  of  the  contents  being  run  in  successive  quantities  into 
moulds. 

Considering  that  from  5  to  10  per  cent  of  Spiegel-eisen  is  added, 
it  will  be  evident  that  a  large  quantity  of  manganese  is  thereby 
introduced  into  the  steel  >  and  it  is  found  that  traces  of  other 
metals,  or  even  more  considerable  quantities,  in  some  cases, 
improve  the  quality  of  steeL  Thus  Faraday  and  Stodart  proposed 
adding  small  quantities  of  rhodium,  silver,  or  chromium,  cither  of 
which  is  said  to  improve  the  product.  Mushet  patented  a  process 
for  adding  titaniferous  iron  to  steel :  and  of  late  an  iron-sand  has 
been  found  in  abundance  in  New  Zealand  and  other  place&  which 
contains  about  1 2  per  cent  of  oxide  of  titanium  associated  with 
magnetic  oxide  of  iron.  Portions  of  this  have  been  reduced  in 
England,  and  manufactured  into  steel,  under  the  name  of  *  Tara- 
naki  steel,'  from  the  place  where  the  ore  is  found.  This  has  been 
found  to  work  most  admhtibly  into  the  finer  kinds  of  cutting 
instruments,  the  polish  and  edge  of  which  are  superior  to  those 
attained  in  ordinary  kinds  of  steel,  but  whether  due  to  the  tita- 
nium or  not  is  a  question.     Riley  says  he  has  failed  to  detect  the 
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virtues  of  titanium  in  iron ;  tungsten,  in  steel,  adds  much  to  its 
value  for  magnetic  purposes.  But  the  true  value  of  all  these 
alloys  is  yet  a  very  open  question. 

The  delicacy  of  the  observations  made  by  the  spectrum  appa- 
ratus has  brought  it  into  use  for  examining  the  Bessemer  flame, 
and  by  it  the  point  at  which  the  carbon  is  all  oxidized  and  burnt 
oflf  may  be  very  accurately  determined.  Silliman,  and  also  Parker 
and  others,  have  examined  the  flame  by  the  spectroscope,  and  also 
by  various  coloured  glasses,  and  some  curious  results  have  thus 
been  obtained. 

A  process  has  been  produced  by  Mr.  Heaton  for  the  production 
of  steel,  similarly  by  oxidation  of  the  carbon  and  silicon  in  pig- 
iron  ;  but,  in  place  of  using  atmospheric  air,  he  employs  sodic 
nitrate  as  an  oxidizer. 

A  quantity  of  this  salt  is  introduced  into  a  chamber  formed  at 
the  bottom  of  a  fitting  converting  vessel ;  upon  this  the  melted 
metal  is  run,  and,  at  once  decomposing,  the  soda-salt  sets  its 
oxygen  free,  which  acts  most  energetically  upon  the  carbon  and 
silicon  of  the  metal,  so  that  purification  is  said  to  be  complete  in 
about  five  minutes.  The  metal  is  then  removed  in  a  pasty  state, 
and  treated  for  the  removal  or  separation  of  the  slag  formed. 

For  shaping  steel  into  the  various  forms  required  in  cutting 
and  other  instruments,  it  is  necessary  that  it  should  be  quite  soft ; 
but,  after  forging,  it  requires  hardening  sufficiently  for  its  uses ; 
and  although  hammer-hardening  condenses  the  grain  and  improves 
its  texture,  as  it  does  in  most  other  metals,  yet,  in  order  to  get 
perfect  and  uniform  hardness,  other  plans  have  to  be  pursued, 
whereby  perfect  hardness  is  ensured;  and  then,  for  use  in  the 
various  kinds  of  cutting-tools,  &c.,  this  hardened  state  is  again 
lowered  down  to  a  fit  degree  by  a  subsequent  operation  called 
tempering,  or  *  letting  down.' 

Now  the  hardening  operation  is  based  upon  the  fistct  that  when 
steel  is  heated  up  considerably  and  then  suddenly  cooled  down,  it 
acquires  an  extremely  hard  condition ;  and  the  wider  we  can 
separate  the  two  points  of  hot  and  cold,  the  more  perfectly  hard  it 
will  become.    The  practice,  therefore,  is,  first  to  heat  up  the  metal 
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to  a  ^11  red  heat,  and  then  suddenly  plunge  it  into  cold  water  or 
some  other  similar  medium ;  and  that  the  effect  is  the  result  of 
this  difference  is  proved  by  the  fact  that,  if  we  are  unable  to  cool 
to  any  very  low  temperature,  we  may  use  such  as  can  be  con- 
trolled ;  but  in  that  case  the  heating  up  must  be  to  a  higher 
temperatiu-e  in  proportion,  or  the  metal  will  remain  soft.  Where 
great  extremes  of  temperature  are  used,  the  metal  may  be  ren- 
dered so  hard  as  to  be  quite  unfit  for  any  practical  uses.  This 
property  of  so  becoming  hard  is  one  of  the  distinguishing  points 
between  malleable  iron  and  steel,  for  the  former  will  not  become 
sensibly  harder  or  brittle  by  such  treatment. 

But  the  great  difficulty  in  hardening  steel  depends  upon  the 
circimistance  of  its  being  subject  to  the  same  accidents  as  glass, 
although,  of  course,  in  somewhat  less  degree  ;  for,  like  imperfectly 
annealed  glass,  hard  steel  will  crack  and  fracture,  or  even  fly  to 
pieces  by  blows  or  sudden  changes  of  temperature ;  or,  another 
evil  is  the  distortion  which  may  take  place  during  hardening,  and 
this  may  occur  to  the  extent  of  rendering  otherwise  finished  work 
quite  unfit  for  the  purposes  for  which  it  has  been  prepared.  Such 
casualties  will  be  readily  accounted  for,  when  the  manipulation 
and  principle  of  the  hardening  processes  have  been  explained. 

In  heating  up  the  work,  our  main  object  is  to  render  all  parts 
requiring  to  be  hard  of  a  uniform  temperature ;  hence  large  wc»rks 
are  placed  either  in  a  forge  or  else  in  a  box  or  pan  of  charcoal ; 
and  they  may  be  prot^ted  in  a  crucible  or  convenient  case  of 
crucible  ware,  or  even  heated  in  a  muffle  where  such  a  chamber  is 
available.  If  the  heating  be  in  the  open  fire,  it  is  best  to  employ 
cinders  or  coke  as  a  fuel  (charcoal  is  the  best  fuel),  and  to  get  the 
heat  up  as  well  as  possible  before  introducing  the  work ;  for  if 
much  bellows  be  used  afterwards,  the  surface  is  apt  to  oxidize. 
Hence  the  work  is  put  into  the  hot  fire,  and  well  'soaked,'  as 
expressed  by  the  workmen.  It  is  then  turned  about  so  as  to 
expose  all  portions  equally  to  the  heat ;  and  it  is  safer  to  be  under 
than  over  the  mark  in  heating,  for  over-heating  is  sure  to  oxidize  the 
work.  And,  again,  it  is  always  found  that  steel  which  ;8  attempted 
to  be  hardened  after  being  too  strongly  heated  is  really  rendered 
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bj  no  means  hard;  and,  moreover,  the  texture  seems  to  be 
altered,  for  its  tenacity  is  destroyed,  and  it  exhibits  a  very  coarse- 
grained fracture,  and  it  may  even  bring  it  into  the  condition  of 
*  burnt  steel,'  in  some  cases.  On  the  other  hand,  less  than  the 
required  degree  of  heat  in  place  of  hardening,  will  even  soften 
the  metal,  notwithstanding  its  plunge  into  the  cooling  medium ; 
at  any  rate  it  tempers  it,  and  indeed  will  equalize  its  natural 
hardness. 

A  consideration  of  the  degrees  of  heat  which  are  required  in 
the  after-process  of  tempering,  or  adapting  the  work  to  its  par- 
ticular use  by  lowering  its  hardness,  and  consequent  brittleness, 
may  give  us  some  clue  to  the  amount  of  heat  required  in  the 
operation  we  are  considering.  This  degree  ranges  from  420"  to 
650°F.  =  2i5-5*'  to  329^0.;  and  it  may  be  stated  that  as  we 
cannot  harden  up  to  any  desired  point,  as  might  be  supposed,  we 
are  obliged  in  all  cases  (as  before  remarked),  to  harden  well  up, 
and  then  lower  down  to  such  needed  degree.  Hence,  to  harden 
effectively,  the  heat  used  must  be  somewhat  above  the  highest  of 
these  degrees,  and,  indeed,  very  considerably  above  when  extreme 
hardness  is  needed ;  or,  if  this  cannot  be  effected,  we  must,  on  the 
other  hand,  cool  correspondingly  low. 

Besides  the  plans  for  heating  up  already  mentioned,  smaller 
work,  especially  if  there  be  many  pieces  and  they  require  a 
tolerably  uniform  hardness,  may  be  heated  in  a  bath  of  melted 
metal,  heated  mercury,  frisible  metal,  er,  better  and  more  prac- 
tical than  all,  a  bath  of  fused  lead.  Thus  an  uniform  temperature 
of  about  6 1 7°  F.  =  325°  C.  is  ensured.  Of  course,  the  heating  up 
of  very  small  work  is  yet  much  easier  ;  such  may  be  heated  even 
in  a  candle  or  lamp  flame ;  and,  if  need  be,  the  temperature  of 
the  latter  may  be  increased  by  means  of  the  blowpipe.  They 
may  also  be  readily  heated  by  placing  them  between  the  jaws  of 
a  pair  of  hot  tongs. 

The  use  of  some  carbonaceous  material,  surrounding  the  heat- 
ing metal,  will  at  once  be  recognized,  when  the  nature  of  steel  is 
remembere4,  for  by  it  the  surface  of  the  metal  is  kept  from 
alteration  during  heating.    And  for  this  purpose  a  salt-like  potassic 
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ferrocyanide  is  similarly  used,  being  sprinkled  on  the  surface, 
after  a  preliminary  gentle  heating,  sufficient  to  fuse  it  over,  and 
varnish  the  metal  surface. 

Passing  now  to  the  cooling  operation,  it  may  be  observed  that, 
as  a  medium  for  effecting  it,  cold  water  is  to  be  preferred  to  all 
others,  although  we  are  somewhat  controlled  as  to  its  use  by  the 
size  of  the  work  operated  upon ;  for  in  the  case  of  very  smalLand 
delicate  instruments,  it  would  render  them  too  hard  and  brittle. 
Hence,  for  such,  it  is  a  common  practice  to  heat  them  up  with  a 
candle,  increasing  its  power,  if  needful,  by  the  use  of  a  blowpipe, 
and,  when  of  sufficiently  high  temperature,  very  suddenly  with- 
drawing from  the  heat,  and  plunging  them  into  the  substance  of 
the  candle,  when  the  required  coldness  is  afforded  by  the  cool 
tallow. 

Secondly.  Small  but  somewhat  larger  objects  than  the  last, 
after  being  similarly  heated,  may  be  cooled  by  being  placed  upon 
a  solid  mass  of  cold  metal,  which  by  its  conducting  power  will 
rapidly  withdraw  the  heat ;  but  it  is  always  advisable  to  cover  at 
the  same  time  with  a  corresponding  cold  piece,  or  the  side 
touching  the  metal  will  be  harder  than  the  upper  one,  and  by 
consequence  the  work  will  be  distorted  just  in  the  same  pro- 
portion. 

Thirdly.  As  the  work  increases  in  size,  more  direct  means 
may  be  used,  and  thus  cold  oil  is  at  times  employed ;  while, 
lastly,  we  come  to  the  use  of  water,  and  here,  where  the  mass  of 
metal  is  large,  it  is  even  customary  to  cool  down  to  about 
40®  F.  =  4*4°  C,  especially  where  the  quantity  of  water  would  be 
small  in  comparison  to  the  bulk  of  metal  so  as  to  be  quickly 
heated  up  by  it 

Some  operators  state  that  the  hardening  water  should  never 
be  quite  cold.  Mr.  Ede  says  that  the  chill  should  be  taken  off, 
and  the  water  raised  to  about  6o°F.=i5°'5  C.  On  the  other 
hand,  the  late  Mr.  Brande,  whose  experience  in  the  delicate 
hardening  of  coinage  dies  was  very  great,  says  that  the  hardness 
got  in  warm  water  never  equals  that  of  cold ;  he  says  that  a  red 
heat  and  water  at  45^  F.  =s  7^*2  C.  is  the  most  desirable  for  die 
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hardening.  In  Mr.  Freemantle's  Mint  Report  for  1 870,  he  states 
the  durability  of  the  dies  to  have  been  much  improved  by  veiy 
gradually  heating  them  before  plunging  in  cold  water. 

Mercury  has  been  recommended  in  place  of  water  for  harden- 
ing, as  in  itself  a  good  conductor  of  heat,  and  also  because  it  is 
said  that  on  the  first  immersion  of  a  piece  of  hot  metal  in  water, 
the  particles  adjacent  are  converted  into  steam,  and  by  this  the 
metal  is  to  some  extent  protected  from  the  influence  of  the  oold. 
But  against  this  objection  it  may  be  stated  that  the  formation  of 
steam  cannot  be  effected  without  the  abstraction  of  much  heat, 
for  970°  F.  must  be  taken  into  the  latent  state  by  the  water 
before  its  physical  condition  can  be  so  changed.  And  again, 
mercury  is  very  readily  vapourised,  and  the  metal  is  thus  equally 
surrounded  by  vapour.  Nevertheless  when  extreme  hardneBS  is 
wanted,  mercury  is  effectively  used.  But  its  weight,  bulk,  and 
cost,  render  it  only  applicable  to  small  work. 

Oil  is  largely  used  as  a  hardening  fluid,  and  is  said  to  render 
the  metal  more  tough,  while  it  hardens  it  well  for  its  uses. 
The  oil  is  used  in  general  cold,  but  sometimes  heated  up  some- 
what. 

The  execution  of  this  cooling  operation  is  a  matter  requiring 
extreme  care.  For  example,  if  the  work  be  a  long  and  compa- 
ratively slender  instrument,  it  must  be  plunged  perfectly  ver- 
tically, and  as  quickly  as  possible ;  for,  suppose  it  to  be  carelessly 
thrust  in  sideways,  or  at  any  considerable  angle  to  the  sur&ce, 
the  part  first  touching  the  cooling  medium  will  be  contracted,  and 
the  instrument  bent,  and  irrecoverably  so,  notwithstanding  the 
other  parts  being  in  turn  subjected  to  the  cooling  influence; 
because,  metals  being  such  perfect  conductors  of  heat,  the  action 
of  the  water  does  not  take  place  upon  the  upper  surface  at  near 
so  high  a  temperature  as  it  did  upon  the  imder,  for  conduction 
will  have  acted  as  much  as  the  rapidity  of  the  operation  will  have 
allowed  of,  and  certainly  sufficiently  so  to  upset  the  balance  of  so 
delicate  an  operation,  and  so  to  render  the  tool  imequaUy  hard 
and  considerably  distorted. 

In  immersing  larger  and  more  solid  works,  if  of  unequal  form 
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in  the  various  parts,  any  portion  containing  the  greatest  bulk  of 
metal  should  be  plunged  in  first,  and  here  again  the  same  principle 
operates,  not  only  producing  distortion,  but  also  that  unequal  con- 
dition of  particles,  which  renders  hard  steel  so  analogous  to  glass; 
for,  in  such  large  masses,  the  first  effect  of  the  cold  is  to  harden  a 
crust  extemallj ;  this  contracts  upon  the  inner  particles,  and 
keeps  them  in  a  considerable  state  of  tension ;  and  these  internal 
ones  cannot  be  brought  into  the  same  hard  and  contracted  state 
as  the  outer,  for  the  abstraction  of  heat  from  the  latter  will  by 
just  the  amount  elevate  the  temperature  of  the  cooling  material, 
and  so  weaken  its  efficiency.  Hence  so  constrained  a  state  of 
particles  is  produced  that  they  will  be  exceedingly  liable  to  restore 
their  own  balance  by  spontaneous  cracking  or  firacture,  which 
may  take  place  during  the  cooling  operation,  or,  at  any  rate,  upon 
the  action  of  the  least  external  force  subsequently — as  a  blow  or 
fall,  for  example.  This  spontaneous  rupture  of  a  piece  of  hard 
steel,  if  of  any  size,  is  often  attended  by  a  very  audible  crack  or 
report. 

In  general,  the  application  of  cold  contracts  bodies,  diminishing 
their  bulk  and  increasing  their  specific  gravity,  but  the  opposite 
is  true  of  the  effect  of  cold  in  hardening  steel.  This  fact  has 
been  long  known.  Thompson  (writing  in  1831,  in  his  Inorganic 
Chemistry,  vol.  i.  p.  497)  states  that  he  found  some  good  blis- 
tered steel  having  a  gravity  of  7*823,  was  lowered  to  7747  by 
hardening,  and  some  cast  steel  which  in  the  soft  state  had  a 
specific  gravity  of  7'8227,  was  reduced  to  77532.  He  says, 
'  Doubtless  the  volume  which  it  acquired  on  heating  it  to  redness 
is  retained,  the  cold  water  solidifying  the  siirface  before  the  mass 
has  time  to  contract.'  Reaumur  gives  the  increase  of  volume 
as  -^th  of  the  whole  mass.  If  hardened  steel  be  slowly  annealed 
it  will  recover  the  original  gravity  which  it  had  in  the  soft  state. 
Percy  corroborates  these  facts,  and  states  that  Rinman  fqund  two 
pieces  of  steel  whose  gravities  before  hardening  were  7751  and 
7*991  respectively,  had  them  decreased  to  7*553  and  7708  by 
hardening  them. 

In  simple  hammer-hardening^  the  reverse  is,  of  course,  the  con- 
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dition,  viz.,  condensation  and  consequent  increase  of  specific 
gravity.  Thus  a  specimen  which  had  a  specific  gravity  of  7  "835 
by  hammering  rose  to  7*872 ;  and  these  again,  when  hardened  in 
the  usual  way,  were  diminished,  the  first  to  7*816,  and  the  second, 
to  7 '8 1 8.     (Brisson.) 

In  conclusion,  it  must  be  stated  that  all  complex  steel  instru- 
ments should  be  forged  and  wrought  previously  to  hardening,  with 
as  much  freedom  and  regularity  of  substance  as  they  will  admit 
of ;  otherwise  parts  which  have  had  most  hammering  will  be  more 
dense  than  the  others,  and  their  particles  will  be,  to  some  extent, 
in  this  state  of  constraint,  even  before  they  are  called  upon  to 
sustain  the  extreme  tax  they  have  to  bear  in  hardening.  And  it 
may  be  remarked  that  steel  is  more  difficult  to  foige  than  iron, 
and  consequently  requires  more  care. 

As  this  capability  of  hardening  occurs  in  steel  and  not  in  iron, 
it  may  of  course  be  assumed  to  depend  upon  the  presence  of  car- 
bon in  the  latter,  and  hence  cast-iron  is  found  from  this  cause  to 
admit  of  hardening,  and  thus,  what  are  known  as  *  chilled  cast- 
ings'  are  simply  cast-iron  work  which  have  been  produced  in  a 
mould  of  metal,  which  by  its  good  conduction  has  rapidly  cooled 
down  the  surface  of  the  molten  metal,  and  rendered  it  super- 
ficially hard  in  consequence.  But  it  is  a  curious  fact  that  this 
action  is  most  effectively  carried  out  by  pouring  the  metal  into 
a  mould  somewhat  heated  up,  rather  than  into  one  which  is 
perfectly  cold. 

What  is  termed  *  case-hardening '  is  really  the  formation  of  a 
casing  of  hard  steel  upon  the  siirface  of  an  iron  article,  and  the 
operation  consists  in  simply  smearing  the  surface  of  the  iron  with 
some  body  rich  in  carbon,  and  capable  of  ready  decomposition  at  a 
high  temperature ;  and  then  heating  up  considerably.  There  are 
many  methods  of  carrying  this  out,  but  the  following  is  the  best. 
The  surface  of  the  work  is  first  finished  as  carefuUy  as  possible, 
after  which  it  is  heated  up  to  bright  redness.  It  is  then  sprinkled 
over  with  potassic  ferrocyanide  (or  prussiate  of  potass).  Now  this 
is  a  salt  which  contains  iron  in  itself,  together  with  cyanogen  (a 
gas  rich  in  carbon),  combined  with  potaasiuuL     It  is  decomposed 
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at  the  high  temperature  of  the  iron  upon  which  it  is  sprinkled^ 
and  its  carbon  is  at  the  same  time  imited  with  the  surface  metal, 
and  concerts  it  into  steel.  The  work  is  next  heated  to  full  red- 
ness, and  plunged  into  water,  as  in  the  ordinaiy  hardening  opera- 
tion. Sometimes,  in  place  of  the  above  method  of  using  the  salt, 
it  is  made  into  a  thin  paste  by  mixing  it  with  clay,  then  the 
metallic  surface  is  coated  with  this,  heated,  and  hardened. 

Mr.  Roberts,  in  speaking  of  this  operation  (and  it  is  one  often 
performed  in  large  engineering  works),  says,  that '  where  the  heat 
is  managed  well,  so  as  not  to  overheat  the  work,  but  is  gradually 
got  up  over  a  space  of  4  or  5  hours,  the  steelifying  action  may  be 
made  to  penetrate  some  |ths  of  an  inch.'  But  in  general  it  pene- 
trates about  -fV^^  ^^  ^^  inch,  as  in  gun-locks  and  the  like. 

In  large  engineering  works  it  is  customaiy  to  employ  in  the 
place  of  the  salt  mentioned,  horns,  bones,  or  leather  cuttings,  to 
heat  the  metal  with.  In  fact,  any  body  rich  in  carbon,  and  easily 
decomposed ;  but  the  agents  found  most  effective  are  those  which, 
like  the  ores  mentioned,  contain  hydrogen  also.  Indeed  pure 
carbon,  as  wood  charcoal,  will  not  serve  this  purpose. 

In  some  few  cases  the  hardening  operation  is  the  final  one,  but 
in  the  majority,  as  for  cutting-tools,  drills,  springs,  and  in  many 
other  applications,  the  hardened  work  needs  tempering  or  letting 
down  ;  and  as  certain  tints  or  colours  produced  upon  the  surface 
of  steel  are  serviceable  as  indications  of  its  state  of  hardness,  so 
these  are  always  taken  advantage  of  in  effecting  the  tempering 
operation.  Passing  up  through  these  colours,  commencing  with 
those  shown  in  softer  states,  they  will  be  in  the  following  order. 
First,  pale  blue,  passing  to  green,  is  an  indication  of  great  softness, 
such  as  would  render  any  instrument  quite  imfit  for  cutting  pur- 
poses, this  tint  is  arrived  at  by  reheating  hard  steel  to  a  degree 
between  580®  and  650°  F.  =  304*5°  and  343®  C. 

Next  the  darker  shades  of  blue,  up  to  purple,  as  seen  upon 
clock  and  watch  springs,  indicate  a  degree  more  hardness,  but  with 
just  sufficient  of  the  opposite  property  to  diminish  their  brittleness. 
These  tints  appear  at  550°  to  570®  F.  =  288®  to  299**  C. 

Then  a  brown  yellow,  shading  off  to  purple,  is  produced  by 
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heating  from  500®  to  53o*F.=  260**  to  276**- 5  C.  This  is  emploj«d 
for  instruments  which  have  to  resist  blows,  or  jars,  as  in  the  cast 
of  saws,  where  the  teeth  actually  strike  upon  the  material  each 
time  the  cut  is  reversed,  or  hatchets,  adzes,  and  the  like. 

Lastly,  the  various  shades  of  yellow,  from  -^erj  pale  to  dark 
straw,  arise  at  degrees  between  420°  to  500®  F.  =  215-5°  to  *^®**  ^* 
The  darker  straws  are  preferred  for  wood  tools,  screw-cutting  ap- 
paratus, and  the  like,  and  the  paler  for  general  metal  tools. 

After  having  formed  and  hardened  the  instrument,  the  first 
step  in  tempering  consists  in  cleaning  the  surface  fr'ee  from  scale, 
and  then  polishing  a  portion.  If  it  be  a  small  article,  it  is  next 
carefully  heated  in  a  candle  or  lamp,  the  bright  part  being  doeelj 
watched,  and  immediately  the  required  colour  is  produced,  the 
work  is  to  be  quickly  removed  and  plunged  into  cold  water  as  in 
hardening.  In  truth,  this  process  resolves  itself  into  a  kind  of 
hardening  operation,  the  previous  one  being  but  a  preliminary 
step,  whereby  the  operator  ensures  his  having  hardness  sufficient^ 
which  is  brought  down  again  to  the  required  degree  by  this  second 
one.  This  is,  indeed,  proved  by  the  fact  that  if  the  metal  be 
allowed  to  cool  slowly,  after  heating  to  colour,  it  would  by  so  doing 
undergo  a  kind  of  annealing,  and  become  again  converted  into 
fioft  steel.  But  the  quick  cooling  determines  its  hardness^  corre- 
sponding to  the  tint  down  to  which  it  has  been  softened. 

A  very  good  method  of  heating' small  works  for  tempering  is 
effected  by  heating  a  bar  of  iron  well  red  at  one  end,  and  then 
fixing  it  in  a  vice,  thus  progressing  to  the  cold  end,  any  required 
temperature  may  be  ensured,  and  the  temperatures  of  different 
parts  of  the  heating  bar  will  be  soon  learned  by  experience,  pre- 
suming that  one  of  the  same  size  is  always  used,  and  it  be  heated 
uniformly. 

Some  mechanics  use  a  method  of  forming  and  hardening  small 
works  without  tempering,  by  employing  a  manipulation  based 
upon  the  fact,  that  a  long  instrument  after  hardening  will  exhibit 
gradations  throughout  its  length  from  extreme  hardness  at  the 
point  which  first  touched  the  cooling  medium,  down  to  compara- 
tive softness  at  the  further  end.     Hence  they  take  a  piece  of  steel 
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much  longer  than  needed,  and  harden  it.  It  is  next  ground  away 
until  a  part  is  arrived  at  where  its  temper  suits  the  object  required, 
at  which  point  the  tool  is  fashioned.  But  this  plan,  requiring 
much  experience,  is  not  always  successful. 

A  very  convenient  and  practical  method  of  tempering,  especially 
where  many  articles  have  to  be  done  at  the  same  temperature,  is 
carried  out  by  heating  them  in  a  bath  of  some  kind,  whose  tem- 
perature is  regulated  by  immersing  a  thermometer  in  it  Thus  oil 
is  very  often  employed  in  this  way,  and  similarly  metallic  baths 
may  be  used. 

Large  masses  of  steel  will  be  hardened  by  heating  and  simply 
cooling  in  the  air,  which  is  sufficiently  effective  at  its  ordinary 
temperature.  Thus  large  steel  castings  become  very  hard  on  the 
surface,  unless  means  are  taken  to  prevent  this  hardening  action 
of  the  air. 

Annealing  is  only  effected  in  steel  by'  heating,  and  then  slowly 
cooling  out  of  air  contact.  Large  works  are  therefore  lieated,  and 
buried  in  dry  sand,  or  lime.  Others  in  sawdust,  smaller,  are 
commonly  heated  up  in  a  box  of  charcoal  powder,  and  allowed 
to  cool  very  slowly  while  thus  protected.  There  are  many  cases 
where,  during  the  fabrication  of  a  piece  of  work  in  which  hardening 
takes  place,  that  annealing  must  be  resorted  to ;  for  example,  in 
forming  a  die,  the  punch  employed  soon  hardens  the  surface  of  the 
soft  die,  and  that  before  a  sharp  impression  can  be  got ;  it  must, 
therefore,  be  annealed  as  above,  indeed  several  times  over  before 
completion,  after  which  it  is  finally  hardened  in  the  usual  way. 

It  is  often  needful  to  weld  iron  to  steel,  and  indeed  many 
cutting  instruments  are  formed  of  this  compound  metal,  as,  for 
example,  axes,  plane  irons,  and  tools  where  the  hardness  of  steel  is 
needed  to  be  joined  with  the  toughness  and  tenacity  of  iron.  The 
difficulty  arises  in  the  difference  of  the  softening  and  fusing  points, 
but  this  is  got  over  by  heating  the  more  fusible  steel  to  a  lower 
degree  than  the  iron,  or  by  the  method  already  mentioned  of 
cleaning  and  heating  the  iron  to  redness,  and  then,  after  cleansing 
its  surface  with  a  little  borax,  pouring  the  fused  steel  upon  it 
when  union  takes  place,  which  may  be  completed  by  hammering. 

II  u 
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In  oonclusion,  it  has  been  already  stated  that  the  capability  of 
being  hardened  by  sudden  cooling  affords  a  means  of  discriminating 
between  steel  and  iron ;  and  another  ready  means  consists  in 
dropping  a  little  nitric  acid  upon  the  metal.  If  it  be  a  piece  of 
iron,  solution  will  take  place,  and  a  green  spot  appear  from  the 
iron  salt  formed ;  but  if  it  be  steel,  the  spot  will  be  grey,  dependent 
upon  the  carbon  set  free  during  the  solution  of  the  metal  con- 
taining it.  Again,  steel  will  ring  when  struck  and  its  surface 
oxidizes  much  less  easily  than  iron.  The  texture  of  malleable  iron 
is  ether  crystalline  or  fibrous.  The  former  the  natural  condition, 
the  latter  the  residt  of  mechanical  treatment,  where  the  crystals 
are  elongated  into  fibres.  But  the  fibrous  condition  may  revert 
to  the  crystalline  under  the  influence  of  a  succession  of  ?ibration8 
or  blows.  Percy  says  all  iron  after  heating  sufficiently  to  induce 
pastiness  is  sure  to  become  crystalline ;  then  cold  hammering  or 
vibration  or  continued  jars  may  induce  fracture  at  crystalline  faces. 
He  further  states  that  if  iron  is  melted  which  is  largely  crystalline, 
and  then  forged  for  rolling  and  rolled  into  bars,  they  will  present 
a  crystalline  or  fibrous  fracture  according  to  the  method  of  break- 
ing, and  time  occupied  in  doing  it.  Thus  if  nicked  on  each  side, 
and  bent  backwards  and  forwards,  the  fructure  will  be  highly 
fibrous ;  but  if  nicked  all  round  and  then  suddenly  broken,  the 
fracture  will  be  crystalline. 

Crood  cast-steel  has  a  fine  granular  fracture  on  breaking,  and 
this  may  be  rendered  finer  by  hanmiering.  In  the  best  kinds  it 
will  have  a  silky  appearance,  and  somewhat  of  silvery  whiteness. 
In  steel,  again,  the  fibrous  structure  is  an  artificial  one,  the  result 
of  fagotting  and  rolling,  and  most  useful  for  many  of  its  applica- 
tions, as,  for  example,  the  formation  of  springs  and  the  like.  But 
such  would  be  unfit  for  cutting  tools,  and  for  these  the  fine-grained 
steel  such  as  is  produced  in  the  best  kinds  of  cast-steel,  as  already 
described,  is  a  necessity. 

Chemically  pure  iron  is  not  easy  of  preparation,  although 
many  methods  are  described  for  effecting  it.  Percy  says  the  only 
pure  iron  he  has  seen  was  made  by  electrolysis  and  from  a  mixed 
solution  of  the  chlorides  of  iron  and  ammonium.     It  has  been 
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reoommended  to  prepare  it  by  heating  precipitated  ferric  oxide  in  a 
current  of  hydrogen ;  but  as  this  plan  necessitates  the  employment 
of  pure  material,  and  as  the  pulverulent  metal  obtained  is  very 
liable  to  spontaneous  oxidation  in  the  air,  the  following  method  of 
Berzelius  is  the  one  usuaUy  adc^ted : — 

Clean  ordinary  filings  are  taken  and  mixed  with  about  one- 
fifth  their  weight  of  fine  ferric  oxide.  The  mixture  is  put  into  a 
refractory  crucible,  and  covered  with  a  layer  of  green  bottle  glass  ] 
such  being  used,  as  it  is  free  from  plumbic  oxide.  The  whole  is 
luted  up  and  heated  for  an  hour  to  whitenesa  In  this  way,  traces 
of  carbon  and  silicon  are  oxidized  by  the  oxygen  of  the  iron  scale, 
and  such  foreign  matters  removed  by  the  glass  flux,  when  a  button 
of  pure  iron  subsides  in  the  pot. 

Properties. — Pure  iron  is  grey  in  colour,  and  its  surface  admits 
of  an  extremely  high  polish,  increasing  with  its  hardness.  This 
polishing,  to  some  extent,  diminishes  it9  tendency  to  oxidation, 
which  takes  place  very  readily  in  ordinary,  when  air  and  moisture 
are  present ;  and  when  once  oxidation  has  commenced,  it  goes  on 
very  rapidly  to  destroy  the  metallic  surface.  As  a  proof  that  the 
air  is  the  agent  in  this,  it  may  be  stated  that  iron  may  be  im- 
mersed in  water  without  change,  if  care  has  been  used  to  free  the 
latter  from  air.  Oxidation  may  also  be  prevented  by  contact  with 
any  metal  which  is  more  electro-positive ;  thus  any  delicate  steel 
instrument  may  be  protected  from  rust  by  wrapping  it  in  very 
thin  sheet  zinc ;  and  in  this  way  articles  of  fine  cutlery  are  at 
times  sent  by  sea,  and  so  perfectly  protected  from  rust. 

Iron  bums  readily  at  a  high  temperature,  and  its  combustion 
in  oxygen  gas  is  very  vivid  when  a  red-hot  wire  is  introduced  into 
a  jar  of  it. 

It  is  soluble  in  nitric  acid,  also  in  dilute  sulphuric,  or  in  hydro- 
chloric acid.  Strong  sulphuric  has  little  action  upon  it,  even  if 
boiled  in  it.  It  is  readily  attacked  by  chlorine,  iodine,  or  bromine. 
It  possesses  the  peculiar  property  of  becoming  '  passive '  or  im- 
acted  upon  by  certain  acids  under  some  circumstances. 

Thus  a  piece  may  be  kept  for  some  months  in  strong  nitric 
acid  without  action.     This  may  be  brought  about,  by  touching  it 
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under  the  acid  with  a  platinum  wire,  or  by  oxidizing  the  end  of 
an  iron  wire  by  heat,  before  immersion.  Various  explanations  are 
offered,  but  for  a  description  of  the  condition,  &o.,  the  reader  is 
-referred  to  Miller's  Chemistry,  4th  edition,  toL  ii.  p.  58a 

The  specific  gravity  of  iron  is  7*844;  and  referring  to  the 

tabic,  page  1 5,  it  will  be  seen  to  stand  first  in  tenacity,  fourth  in 

ductility,  and  sixth  in  malleability,  as  compared  with  the  metals 

"  there  mentioned.     This  latter  character  being  much  impaired  by 

the  presence  of  impurities.     Specific  heat,  o'l  13795. 

It  is  one  of  the  magnetic  metals,  but  its  magnetism  is  destroyed 
by  heating  to  redness.  At  a  strong  red  heat  it  will  become  quite 
soft  and  pasty,  and  two  cleansed  surfaces  will  then  hammer  toge- 
ther, becoming  pei*fectly  homogeneous  or  welded.  Metals  gene- 
rally pass  at  once  to.  fusion,  but  iron  retains  the  pasty  condition 
through  several  degrees  of  heat.  The  practice  of  welding  is  to 
heat  up  the  pieces  to  be  united,  and  by  sprinkling  them  with  a 
flux,  such  as  sand,  or  silica,  any  oxide  formed  is  dissolved,  and  the 
fluid  silicate  flowing  over,  protects  the  hot  m.etal ;  on  hanmiering, 
this  slag  is  driven  out,  and  contact  of  the  metallic  particles  in  the 
soft  state  is  brought  about ;  in  fact,  as  close  a  union  as  exists 
between  the  particles  composing  the  separate  pieces  of  metal. 
Heated  above  the  welding  point  which  Siemens  estimates  at 
1600°  C.  =  2900°  F.  it  breaks  up  and  fuses. 

For  its  actual  fusion  the  strongest  heat  obtainable  in  a  wind- 
furnace  must  bo  employed.  Iron  containing  carbon,  either  as  steel 
or  pig-iron,  is  much  more  fusible  and  expands  so  much  on  cooling, 
that  exceedingly  sharp  castings  are  got  fro^i  it ;  hence  the  beauty 
of  detail  in  much  of  the  cast-iron  in  daily  use.  This  is  especially 
shown  in  the  fine  Berlin  ornamental  castings.  Its  symbol  is  Fe'*.  «fe 
Atomic  weight,  56. 

Compounds  0/  Iron, — Oxides, — Four  may  be  enumerated:  — 
1st.  The  protoxide,  or  ferrous  oxide,  the  base  of  the  green  ferrous 
salts,  composed  of  1  atom  of  iron  with  i  of  oxygen,  ad.  Sesqui- 
oxidc,  or  ferric  oxide,  also  a  salifiable  base,  where  2  of  iron  are  in 
union  with  3  of  oxygen.  Ferric  oxide  forms  with  acids  the  red  or 
feme  salts.     3rd.  A  black  oxide  known  as  magnetic  oxide,  com- 
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posed  of  I  proportional  of  each  of  the  two  first,  and  hence  being 
a  compound  of  3  of  iron  with  4  of  oxygen ;  the  ordinary  scale  of 
heated  iron  is  this  oxide :  it  constitutes  the  loadstone,  or  natural 
magnet,  and  also  an  abundant  ore  from  which  Swedish,  American, 
and  some  other  irons  are  obtained.  4th.  Ferric  acid,  obtained 
only  in  combination  with  alkalis,  to  which  it  plays  the  part  of  a 
weak  and  unstable  acid.  Thus,  if  ferric  oxide  be  further  oxidized 
by  heating  with  potassic  nitrate,  the  higher  oxide  produced  com- 
bines with  potassa,  forming  potassic  ferrate. 

The  first  compound,  or  ferrous  oxide,  may  be  obtained  by  dis- 
solving a  ferrous  salt  in  water,  as  free  as  possible  from  air,  and 
then  precipitating  by  an  alkali.  Thus  a  white  hydrate  falls,  which 
rapidly  passes  to  green,  and  ultimately  to  reddish  brown,  by 
absorption  of  oxygen.  If  air  be  as  much  as  possible  got  rid  of 
during  its  preparation,  and  the  precipitate  be  boiled  cautiously, 
it  becomes  black  from  loss  of  its  water  of  hydration.  It  cannot  be 
isolated  from  the  fluid,  for  any  attempt  to  dry  it  ends  in  its  con- 
version into  ferric  oxide.     Symbol,  Fe  0.     Atomic  weight,  72. 

Ferric  oxide  is  obtained  in  a  hydrated  state  by  dissolving  iron 
in  nitro-hydrochloric  acid,  and  adding  to  this  solution  ammonia  in 
excess:  in  this  way,  a  bulky  brown  hydrate  falls.  This  is  so 
gelatinous  as  to  be  very  retentive  of  the  precipitant,  and  thus 
reqiMres  careful  long  washing.  It  may  be  dried  at  212^  F. 
(=  100°  C.)  without  losing  its  water,  or  rather,  retaining  i  pro- 
portional ;  to  drive  off  this,  a  temperature  of  about  600°  F. 
(=  317°  C.)  is  required.  The  hydrated  oxide  readily  dissolves  in 
acids,  and  forms  salts;  but  when  thus  deprived  of  its  water,  it 
becomes  very  insoluble  in  acids.  The  ordinaiy  rust  of  iron  is 
composed  of  this  oxide,  as  are  also  some  of  the  ores  of  iron  — 
brown  haematite,  for  example.  It  is  prepared  for  use  in  the  arts 
and  manufactures,  by  decomposing  ferrous  sulphate  by  ignition, 
and  according  to  its  state  of  division  is  sold  as  colcoihar,  crocus, 
rouge,  <fec  In  these  forms  it  is  employed  in  the  ceramic  arts  for 
red,  brown,  or  violet  colours,  dependent  on  association  and  treat- 
ment; also  as  a  polishing  powder  in  plate-glass  works,  and  as  rouge 
for  a  silversmith's  polish.     Symboli  F^'s  O3.  Atomic  weight,  160. 
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The  black  or  magnetic  oxide  may  be  prepared  in  the  hydrated 
state  from  a  solution  of  ferrous  sulphate,  made  fresh  and  treated 
as  follows : — two-thirds  of  the  quantity  is  taken,  acidulated  with 
sulphuric  acid,  and  then  boiled  :  nitric  acid  is  then  added  to  con- 
vert the  ferrous  into  a  ferric  salt.  The  effecting  of  this  is  shown 
when  no  more  nitric  oxide  is  given  off  on  adding  the  acid.  The 
solution  is  then  mixed  with  the  one-third  remaining  of  the  original 
ferrous  sulphate,  and  the  whole  precipitated  by  ammonia  and 
boiled,  thus  a  black  ciystalline  oxide  goes  down  of  the  formula 
Fe,  O4,  H,  0. 

Chlorides. — There  are  two,  corresponding  to  the  oxides  just 
described :  The  first,  or  ferrous  chloride,  may  be  obtained  by 
dissolving  iron  in  hydrochloric  acid,  and  ciystallizing ;  thus  green 
crystals  are  obtained,  composed  of  Fe  Cl^+4  H^O.  It  may  be 
obtained  in  the  anhydrous  condition  by  igniting  iron  in  a  tube 
and  passing  dry  hydrochloric  acid  gas  over  it.  Thus  white  anhy- 
drous ferrous  chloride  sublimes. 

Ferric  chloride  may  be  obtained  by  dissolving  ferric  oxide  in 
hydrochloric  acid,  and  evaporating  the  solution  :  thus  deep-red 
crystals  are  obtained,  composed  of  FejCl5+6  H^O.  The  anhy- 
drous ferric  chloride  is  formed  by  passing  dry  chlorine  over  iron 
heated  to  redness  when  this  compound  sublimes  in  deliquescent 
brown  scales. 

Sulphides, — No  less  than  five  have  been  enumerated,  but  of 
these  only  two  are  important :  first,  a  protosulphide  may  be  pre- 
cipitated as  a  black  hydrate  by  adding  an  alkaline  sulphide  to  a 
ferrous  salt ;  but  if  allowed  to  remain  a  short  time  in  the  liquid, 
the  iron  will  be  sesquioxidized,  and  its  sulphur  set  free.  Ferrous 
sulphide  may  be  obtained  (but  mixed  with  more  or  less  sulphur  or 
iron,  as  either  may  ha:ve  been  in  excess)  by  heating  a  mixture  of 
iron-filings  and  sulphur  together.  In  this  way  we  get  a  metallic- 
looking  mass,  which  is  our  source  of  dihydric  sulphide.  The  ooai- 
position  of  this  sulphide  is  Fe  S.  Atomic  weight,  88. 

The  interest  of  the  bisulphide  or  ferric  disulphide  consists  in 
its  large  diffusion  as  iron  pyrites.  It  is  found  generally  crystal- 
line, in  cubes  or  prismatic  forms,  having  much  metallic  lustre  and 
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a  specific  gravity  of  about  yo.  A  variety,  not  generally  crystal- 
line, occurs  largely  in  nature  as  magnetic  pyrites.  Iron  pyrites, 
from  its  containing  53  per  cent  of  sulphur,  is  used  as  a  source  of 
sulphur  in  the  manufacture  of  sulphuric  acid;  but,  as  it  com- 
monly contains  traces  of  arsenic,  such  acid  is  very  liable  to  be 
contaminated  with  the  latter.  It  is  also  a  large  source  of  the 
copperas  of  commerce,  or  impure  ferrous  sulphate.  Composition, 
Fe  S^.  Atomic  weight,  1 20. 

Ferrous  Sulphate. — This  salt  may  be  obtained  in  a  pure  state 
by  dissolving  iron  in  dilute  sulphuric  acid,  filtering  as  much  as 
possible  out  of  contact  with  air,  and  crystallizing ;  but  it  is  an 
article  of  laige  commercial  use  imder  the  name  of  copperas, — a 
corruption  of  the  French  cuperose,  so  called  from  the  brownish- 
red  colour  the  crystals  assume  from  absorption  of  oxygen  in  moist 
air,  and,  as  such,  is  prepared  from  alum  schists,  which  contain 
much  disseminated  iron  pyrites  in  fine  division.  In  the  calcina- 
tion of  these  alum  ores  for  the  formation  of  aluminic  sulphate 
oxidation  of  the  pyrites  occurs  at  the  same  time,  and  with  ulti- 
mate production  of  ferrous  sulphate.  The  calcined  material  is 
lixiviated,  and  thus  the  two  sulphates  are  obtained  in  mixed 
solution,  and  are  separated  by  crystallization  ;  for  on  evaporating, 
the  ferrous  sulphate  being  the  less  soluble  of  the  two,  crystallizes 
out,  leaving  the  more  soluble  aluminic  sulphate  in  solution.  The 
salt  so  obtained  is,  however,  very  impure ;  it  often  contains  as 
much  as  2}  per  cent  of  alum,  and  always  a  quantity  of  ferric 
sulphate,  whence  it  has  a  dark  apple-green  colour.  The  pure  salt 
is  of  a  blue  green.  The  composition  of  the  crystallized  salt  \a 
FeS04+7H^O. 

Ferric  sulphate  may  be  obtained  by  dissolving  one  proportional 
of  ferrous  sulphate  in  water,  and  adding  half  a  proportional  of 
sulphuric  acid«  The  mixture  is  boiled  and  nitric  acid  gradually 
added,  until  nitrous  fumes  are  no  longer  produced.  The  solution 
is  then  evaporated  to  dryness,  so  as  to  expel  the  remaining 
nitric  acid,  when  the  ferric  sulphate  remains  as  a  white  and  some- 
what insoluble  salt     Composition,  Fe'^'^  3  S  O4. 

Ferrous  carbonate  is  of  interest  as  farming  a  most  important 
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ore  of  iron,  our  clay  and  black  band  ores  being,  as  abeady  stated, 
impure  carbonates. 

In  the  laboratory  we  obtain  ferrous  carbonate  by  adding  an 
alkaline  carbonate  to  a  solution  of  a  ferrous  salt.  It  then  falls  as 
a  bulky  green  hydrate,  very  unstable,  as  it  is  readily  oxidised  by 
exposure  to  air.  It  loses  its  carbonic  acid  at  the  same  time, 
becoming  converted  into  hydrated  ferric  oxide.  Composition, 
Fe  C03. 

The  artificial  alloys  of  iron  with  other  metals  are  none  of  them 
of  any  practical  importance.  In  plating  iron  with  £inc  or  tin  par^ 
tial  surface  alloying  of  the  former  takes  place.  Alloys  of  iron, 
with  tungsten,  titaniiuu,  chromium,  arsenic,  and  at  times  with 
manganese,  are  found  in  nature.  It  aUoys  also  with  the  noble 
metals. 

In  the  discrimination  of  iron,  the  characters  brought  out  are 
very  distinctive,  and  much  varied  according  as  the  metal  may  be 
in  the  state  of  protoxide  or  of  sesquioxide  in  the  body  under  exa- 
mination ;  but  the  great  tendency  of  the  former  or  ferrous  com- 
pounds to  absorb  oxygen  causes  them  always  to  give  more  or  less 
indication  from  the  application  of  tests  properly  belonging  to  ferric 
salts. 

An  iron  compound  of  either  degree  of  oxidation  will,  when 
heated  in  the  blowpipe-oxidizing  flame  with  a  little  borax,  give  an 
orange-yellow  bead.  If  this  be  removed  and  heated  in  the  re- 
ducing flame,  it  is  changed  to  green,  the  iron  being  so  reduced  to 
protoxide. 

1.  Hedcttons  of  ferrotu  salts, — The  solutions  will  be  of  a  g^reen 
colour,  and  no  precipitate  will  be  produced  by  dihydric  sulphide 
in  an  acid  solution,  but  there  may  be  a  slight  one  if  the  solution 
be  neutral. 

2.  Ammonio-hydric  sulphide  will  produce  a  black  precipitate 
of  ferrous  sulphide,  which  is  insoluble  in  excess  of  the  preci- 

'  pitant. 

3.  The  alkalis,  potash,  soda,  or  ammonia,  produce  corre- 
sponding precipitates  of  hydrated  ferrous  oxide.  This,  at  the 
moment  of  its  formation,  is  white,  but  passes  rapidly  through 
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shades  of  light  green,  dark  green,  and  ultimately  brown — the 
latter  being  an  indication  of  its  conversion  by  air  into  ferric  oxide- 
If  ammonio  chloride  be  present  in  the  solution  when  the  ammonia 
test  is  added,  it  will  re-dissolve  the  ferrous  oxide  thrown  down. 

4th.  The  characteristic  test  is  potassic  ferridcyanide,  which 
produces  a  deep  blue  precipitate,  known  as  Tumbull's  blue.  On 
the  other  hand,  when  this  test  is  applied  to  a  solution  in  which 
the  iron  exists  as  a  ferric  oxide,  it  merely  changes  the  colour  of 
the  solution  to  a  dark  green,  without  forming  a  precipitate. 

BeacHons  of  ferric  oxide, — ist  Dihydric  sulphide  produces  a 
white  precipitate  of  sulphur,  which  renders  the  solution  milky : 
this  depends  upon  the  reduction  of  the  ferric  into  ferrous  oxide, 
by  its  oxygen  imiting  with  hydrogen  of  the  dihydric  sulphide,  and 
forming  water. 

2nd.  Ammonio-hydric  sulphide  throws  down  ferric  sulphide, 
which  in  colour  and  appearance  resembles  the  ferrous  sulphide. 

3rd.  Alkalis  throw  down  a  very  bulky  brown  hydrate.  This  is 
not  soluble  in  excess  of  the  precipitant,  and,  when  produced  by 
ammonia,  the  precipitation  is  not  affected  by  the  presence  of  an 
ammoniacal  salt. 

4th.  Potassic  ferrocyanide  may  be  named  as  a  characteristic 
test :  it  produces  a  precipitate  of  Prussian  blue.  This  test  does 
not  so  act  in  ferrous  salts,  but,  with  them,  gives  a  white  preci- 
pitate, which,  however,  becomes  blue  by  exposure  to  air,  and 
consequent  oxidation.  Potassic  ferricyanide  gives  no  precipitate, 
but  merely  a  green  colouring. 

5  th.  A  solution  of  potassic  sulphocyanide  gives  a  blood-red 
colour  to  a  solution  of  a  ferric  salt.  And  this  reaction  is  not  only 
very  characteristic,  but  takes  place  in  very  dilutd  solutions. 

6th.  Tincture  of  galls  will  immediately  blacken  water  con- 
taining very  small  traces  of  ferric  oxide  in  solution.  Ordinary 
writing-ink  is  thus  formed. 

Iron  is  always  estimated  as  peroxide  or  ferric  oxide,  and  for  this 
purpose  a  solution  containing  it  is  always  boiled  with  a  little  nitric 
acid,  or  with  potassic  chlorate,  or  some  other  oxidizing  agent. 
After  this  the  oxide  may  be  precipitated  by  excess  of  ammonia, 


474  IRON  ESTIMATION. 

washed,  dried,  ignited,  and  weighed,  and  every  70  per  cent  of 
this  ignited  precipitate  will  be  iron. 

The  presence  of  citric  or  tartaric  acid,  as  also  many  analo- 
gous oi^ganic  bodies,  will  much  hinder  precipitation  bj  ammonia^ 
In  such  cases  it  is  better  to  precipitate  by  ammonio-hydric  sulphide, 
and  then,  after  redissolving  this  precipitated  sulphide  in  nitric 
acid,  to  throw  down  ferric  oxide  in  the  usual  way  by  means  of 
ammonia. 

Iron  may  be  separated  from  most  of  the  metals  hitherto  consi- 
deredy  by  virtue  of  its  non-precipitation,  by  dihydric  sulphide.  Thus, 
to  give  an  instance,  the  analysis  of  copper  pyrites  (a  mixed  sul- 
phide of  iron  and  copper)  may  be  briefly  detailed. 

The  mineral  may  be  boiled  with  strong  nitric  acid ;  this  dis- 
solves the  iron  and  copper,  and  separates  the  sulphur.  The  oxi- 
dizing influence  of  the  acid  may  convert  small  portions  of  the 
latter  into  sulphuric  acid ;  and  it  also  peroxidizes  the  iron.  The 
sulphur  then  being  filtered  away,  the  copper  is  precipitated  by 
dihydric  sulphide,  the  precipitate  is  filtered  out,  thoroughly 
washed,  and  partially  dried,  so  as  to  be  able  to  separate  it  readily 
frx>m  the  filter;  this  is  done,  throwing  the  precipitate  into  a 
beaker,  and  adding  the  ash  of  the  filter,  which  is  subsequently 
burned  for  the  purpose.  The  whole  is  then  treated  with  nitro- 
hydrochloric  acid,  by  which  it  is  oxidized,  and  its  sulphur  sepa^ 
rated ;  after  which  the  copper  is  precipitated  as  oxide  by  potass, 
boiled,  filtered,  washed,  ignited,  and  weighed.     (See  page  382.) 

Lastly.  The  iron  solution,  filtered  ^way  from  the  precipitate 
formed  by  dihydric  sulphide,  is  to  be  again  boiled  with  a  little 
potassic  chlorate,  lest  any  of  the  iron  may  have  been  reduced  to 
the  state  of  ferrous  oxide  by  the  dihydric  sulphide ;  after  which  it 
is  to  be  precipitated  by  ammonia,  and  separated  as  above  de- 
scribed. 

The  separation  of  iron  from  alumina  has  already  been  spoken 
of,  and  it  may  be  further  stated  that  in  place  of  the  method  de- 
scribed (page  416),  they  may  be  precipitated  by  potash  instead 
of  ammonia.  The  liquid  should  have  the  precipitate  digested  in 
it  for  some  time,  in  order  that  the  potash  may  dissolve  out  the 
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alumina,  and  after  filtration  the  iron  precipitate  is  to  be  well 
washed  before  drying  and  weighing. 

From  magnesia,  ammonia  will  separate  iron  (as  it  will  also 
from  alkalis),  but  some  magnesia,  is  sure  to  go  down  with  the 
iron  imless  the  operator  is  carefiil  to  add  a  considerable  quantity 
of  ammonic  chloride  before  precipitating  by  ammonia. 
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CHAPTER  XVIII. 


MANGANESE  AND  COBALT. 


The  two  metals  now  to  be  briefly  examined  are  not  employed  in 
the  regiiline  state,  and  of  their  compounds,  their  oxides  are  the 
ones  most  largely  useful. 

The  common  ore  of  the  first  is  the  source  whence  large 
quantities  of  oxygen  are  obtained  by  the  chemist,  and  it  is  also 
used  as  a  secondary  body  in  the  production  of  chlorine.  Again 
as  a  flux  and  a  colouring  material  for  glass.  Then  the  metal  itself 
enters  in  small  quantity  as  an  alloy  into  some  forms  of  iron  and  of 
steel,  for  few  iron  ores  are  free  from  manganese,  which  becoming 
reduced  with  the  iron  alloys  the  latter ;  then  as  the  Bessemer  steel 
process  is  now  worked,  and  the  purified  iron  is  recarbonized  by 
Spiegel-eisen,  as  has  been  described  ;  a  quantity  of  manganese  is 
by  this  addition  added  to  the  steel. 

Compoirnds  of  the  second  metal,  cobalt,  are  used  in  forming 
several  brilliant  pigments,  and  also  as  colouring  fluxes. 

Manganese. 

The  principal  ore  of  this  metal  is  the  native  dioxide.  The 
minerals  Wad  and  Psilomelane  are  amorphous  varieties.  The 
crystalline  forms  are  the  hydrated  oxides  Pyrolusite  and  Varvicite. 

Metallic  manganese  may  be  prepared  from  the  common  native 
black  oxide,  by  first  treating  it  with  hydrochloric  acid.  This 
converts  the  manganese,  and  iron  also,  which  is  associated  with  it, 
into  chlorides.     These  are  dissolved  out  of  the  mass,  the  solution 
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evaporated  to  dryness,  and  then  heated  so  as  to  volatiliae  ferric- 
chloride.  The  residue  is  then  digested  in  water,  filtered,  and  pre- 
cipitated by  sodic  carbonate ;  pure  manganous  carbonate  fallff,  which 
on  heating  leaves  a  pure  oxida  This  latter  is  to  be  heated  intensely 
in  a  charcoal  lined  crucible,  when  it  will  be  reduced,  but  the  metal 
will  retain  a  little  carbon,  which  latter  may  be  removed  by  again 
fusing  with  borax.  Thus  a  greyish  white  metal  is  obtained,  of  a 
granular  texture,  but  so  greedy  of  oxygen  that  it  can  only  be 
preserved  in  sealed  tubes,  or,  like  potassium,  under  naphtha.  The 
specific  gravity  is  8*013.     Symbol,  Mn.     Atomic  weight,  55. 

There  are  no  less  than  six  oxides  of  manganese.  The  first, 
manganous  oxide,  or  protoxide,  forming  the  basis  of  all  ordinary 
salts  of  the  metal  If  potassa  be  added  to  a  manganese  salt,  we 
get  this  oxide  precipitated  as  a  bulky  white  hydrate,  which  soon 
becomes  brown  by  absorption  of  oxygen.  The  anhydrous  prot- 
oxide is  a  green  compound,  and  may  be  obtained  by  heating  man- 
ganic dioxide  in  a  current  of  hydrogen  gas.  Protoxide  or  man- 
ganous oxide  forms  deep  flesh-coloured  salts  with  acids.  Composi- 
tion, Mn  0.     Atomic  weight,  71. 

The  dioxide  is  the  native  ore,  and  the  body  largely  used  in  the 
arts.  As  already  stated,  it  is  our  best  source  of  oxygen  gas,  which 
is  evolved  from  it  when  simply  heated  to  redness.  Again,  chlorine 
and  the  chief  bleaching  compounds  are  manufactured  by  its  agency. 
The  former  is  obtained  when  we  heat  diluted  hydrochloric  acid 
and  the  dioxide  together,  the  resulting  bodies  being,  manganous 
chloride,  water,  and  chlorine,  as  shown  in  the  equation, — 

Mn  0^  -t-  4H  Cl  =  Mn  Cl^  -I-  2  H^  0  -i-  Cl^. 

Manganic  dioxide  is  employed  in  glass  manufactories  for  over- 
coming the  green  tint  of  ordinary  glass ;  but  if  too  much  be  used, 
an  amethyst  colour  is  produced,  as  in  the  old  French  plate-glass ; 
this  is  said  by  some  to  be  an  optical,  and  not  a  chemical  effect.  It 
is  due,  however,  to  the  formation  of  a  portion  of  sesquioxide,  or 
manganic  oxide,  and  the  tint  of  the  amethyst  itself  is  said  to 
depend  upon  the  latter  body.  Manganic  dioxide  is  also  the  base 
which  gives  a  deep  brown  colour  in  enamel,  or  glass-painting. 
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For  these  finer  uses  it  must  be  specially  prepared,  for  which  pur^ 
pose  Berthier  gives  a  very  good  method.  He  heats  manganous 
nitrate  to  dull  redness.  This  drives  off  the  nitric  acid,  and  at  the 
same  time  converts  the  residue  into  a  mixture  consisting  of 
dioxide,  with  a  small  percentage  only  of  the  original  protoxide 
This  latter  is  dissolved  out  by  some  fresh  boiling  nitric  acid,  the 
cake  having  been  previously  powdered.  Lastly,  the  resulting 
powder  is  washed,  and  then  again  heated  to  low  redness,  keeping 
it  constantly  stirred.  It  is  a  very  dark  brown  powder.  Com- 
position, Mn  Os.     Atomic  weight,  87. 

There  is  a  sesquioxide  or  manganic  oxide  of  a  composition 
between  the  protoxide  and  this  dioxide,  viz.,  composed  of  Mn£  O3. 
This  is  the  residue  left  after  distillation  of  oxygen  from  the  latter. 
It  is  also  found  native.     It  is  a  feeble  base. 

Then  there  is  a  red  oxide,  which  has  a  composition  between 
the  protoxide  and  sesquioxide.  It  appears  to  be  a  compound  of 
these  two,  having  the  formula  Mn  0,  Mn^  O3. 

Lastly,  there  are  two  oxides  having  acid  properties,  viz.,  man- 
ganic and  permanganic  acids ;  but  they  have  not  been  isolated, 
and  are  only  to  be  obtained  united  to  a  base,  or  with  water. 
Hence  the  formula  for  manganic  acid  is  H2  Mn  O4 ;  and  for  per- 
manganic Hs  Mns  0  8. 

Discrimination  of  Manganese, — Manganous  salts  are  commonly 
of  a  pale  rose  colour. 

I  St.  Dihydric  sulphide  gives  no  precipitate  in  manganese  solu- 
tions if  they  are  acid,  and  a  very  slight  one  if  neutral. 

2nd.  Ammonio-hydric  sulphide  gives  a  very  bulky,  flesh- 
coloured  precipitate  in  neutral  solutions.  A  slight  exposure  to 
air  converts  this  into  the  brown  sesquioxide. 

The  precipitate  is  insoluble  in  excess,  but  soluble  in  hydrochloric, 
or  in  nitric  acid. 

3rd.  Alkalis  or  their  carbonates  throw  down  white  precipitates, 
and  in  the  case  of  ammonia  this  is  soluble  in  excess,  and  especially 
so  if  ammonic  chloride  be  present.  Exposure  to  air  soon  renders 
the  precipitates  by  alkalis  brown. 

4th.  Potassic  ferro-cyanide  gives  a  white,  and  the  ferrid-cyanide 
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a  brown  precipitate,  from  neutral  solutions.  The  former  is  soluble 
in  acids ;  and  if  any  iron  be  {(resent,  we  get  a  blue  tint  from  the 
ferro-cyanide :  hence  this  test  is  useful  in  showing  the  purity  of 
these  salts  as  regards  iron. 

AU  these  white  precipitates  become  brown  upon  exposure  to 
air,  in  a  similar  manner  to  the  flesh-coloured  sulphide. 

5th.  Mr.  Crum's  method  of  detecting  manganese  is  so  delicate 
as  to  indicate  very  minute  traces.  It  depends  upon  the  formation 
of  permanganic  acid,  as  shown  by  the  fine  red  tint  of  the  latter 
body  which  is  produced.  It  is  thus  executed  : — Dissolve  the  com- 
pound in  a  little  nitric  acid.  Then  add  plumbic  dioxide,  and  boil 
the  mixture,  when  the  least  trace  of  manganese  will  produce  the 
red  tint  mentioned. 

6th.  Any  manganese  compound  may  readily  be  recognised 
before  the  blowpipe,  by  heating  it  with  borax  in  the  oxidizing 
flame,  when  a  violet  bead  will  be  produced.  If  this  be  brought 
into  a  reducing  flame,  it  is  rendered  colourless ;  if  simply  fused  in 
the  outer  flame  upon  platinum  wire  with  a  little  sodic  car- 
bonate, a  bluish-green  bead  of  sodic  manganate  results^  which  is 
opaque. 

Manganese  is  estim&ted  by  precipitating  it  from  its  solutions 
either  as  sulphide  or  as  the  red  or  compound  oxide,  and  commonly 
as  this  last.  For  it,  the  solution  of  manganese  is  heated  in  a  lai^ 
vessel  to  near  its  boiling  point,  and  a  solution  of  sodic  carbonate 
is  added  by  degrees,  until  an  excess  is  present.  Then,  after  boiling 
for  a  short  time,  the  solution  is  poured  off  the  precipitate  through 
a  filter ;  the  precipitate  next  washed  by  boiling  several  times  in 
fresh  water ;  next,  it  is  separated  by  throwing  it  on  a  filter.  It  is 
then  dried,  and  transferred  to  a  crucible,  and  ignited.  The  carbonic 
acid  is  expelled,  while  the  protoxide  left  absorbs  sufficient  oxygen 
from  the  air  to  become  red  oxide,  or  Mn  0  -j-  Mj  Ogj.  Every  100 
parts  of  this  correspond  to  72*05  manganese. 

Manganese  is  easily  separated  from  iron.  A  nitric  or  hydro- 
chloric solution  is  formed,  and  care  taken  to  convert  all  the  iron 
into  a  ferric  salt.  The  solution  is  diluted  and  added  to  a  quantity 
of  powdered  baric  carbonate,  upon  which  it  is  digested  for  some 
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time.  Sesquioxide  or  ferric  oxide  is  separated,  the  manganese 
remaining  in  solution.  (Any  alumina  present  will  go  down  with 
the  iron  precipitate.)  Next,  sufficient  sulphuric  acid  is  added  to 
throw  down  the  excess  of  haryta.  Lastly,  from  the  filtered  fioid 
the  manganese  is  separated  as  above  directed,  viz.  by  sodic  car- 
bonate, and  it  is  weighed  as  red  oxide. 

Cobalt. 

This  metal  is  not  employed  in  the  metallic  state,  and  when 
reduced  it  usually  contains  more  or  less  nickel,  for  the  two  metals 
are  associated  in  cobalt  ores,  and  their  separation  is  only  to  be 
effected  by  protracted  manipulation,  hence  the  bulk*  of  specimens 
of  cobalt  are  magnetic,  a  property  due  in  all  probability  to  the 
nickel  present.  The  chief  ores  of  cobalt  are,  the  arsenide,  or  tin 
white  cobalt,  or  smaltine,  found  at  Tunnabeig;  and  the  sulph- 
arsenide,  or  cobalt  glance,  a  compound  of  cobalt,  iron,  and  arsenic, 
with  sulphiur.  Zaffre  is  an  impure  oxide  formed  by  roasting  the 
ore  with  twice  its  weight  of  quartz  sand. 

The  metal  itself  may  be  prepared  by  first  roasting  the  ore  at  a 
moderate  temperature,  in  order  to  get  rid  of  as  much  arsenic  as 
possible.  It  is  next  dissolved  in  nitro-hydrocliloric  acid,  evapo- 
rated to  dryness,  and  the  residue  dissolved  in  water.  The  solution 
is  then  precipitated  by  dihydric  sulphide,  thus  all  metals,  except 
the  cobalt  and  iron  go  down.  After  filtering  the  dear  liquid  ia 
boiled  with  a  little  strong  nitric  acid,  in  order  to  peroxidize  the 
iron,  after  which  potassic  carbonate  is  added  to  throw  the  whole 
down.  Then  after  washing  this  precipitate,  it  is  digested  in 
oxalic  acid,  which  converts  the  cobaltous  carbonate  into  an  inso- 
luble oxalate,  while  it  dissolves  out  the  iron.  After  washing  the 
cobalt  salt,  intensely  heating  it  in  a  porcelain  crucible  will  at  once 
reduce  the  metaL  The  crucible  must  be  encased  in  a  clay  one, 
as  the  heat  must  not  only  be  as  stn>ng  as  can  be  conmianded,  but 
must  also  be  maintained  from  three-quarters  of  an  hour  to  an 
hour. 

Cobalt  is  a  reddish  grey  crystalline  metal,  which  fuses  at  a 
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temperature  somewhat  below  iron.  Its  specific  gravitj  is  8 '95. 
It  is  soluble  in  either  of  the  three  acids,  sulphuric,  hydrochloric, 
or  nitric ;  exposure  to  the  air  oxidizes  it  completely.  Symbol,  Co''. 
Atomic  weight,  59. 

There  are  two  definite  oxides  of  cobalt,  and  these  again 
are  capable  of  combination  with  each  other,  forming  other  oxides. 
But  the  oxide  commercially  important  is  the  cobaltous  oxide. 
This  is  employed  in  porcelain-painting,  and  also  largely  used 
by  glassmakers,  enamellers,  and  others,  for  imparting  the  rich 
azure  blue  known  as  cobalt  blue.  For  these  uses  it  is  pre- 
pared upon  a  large  scale,  and  by  calcining  speiss  cobalt,  the 
product  of  smelted  cobalt  ores.  This  calcined  speiss  is  treated 
with  hydrochloric  acid  to  dissolve  it,  after  which  milk  of  lime  is 
added  to  precipitate  arsenic  and  iron.  Dihydric  sulphide  is  next 
passed  through  the  solution  to  throw  down  other  metals,  care 

.  being  taken  that  the  liquid  be  well  acid,  or  a  black  cobalt  sulphide 
would  be  precipitated  by  the  gas.     Lastly,  the  cobalt  compound  is 

•  itself  precipitated  by  bleaching  powder.  When  the  precipitate  is 
heated  to  redness  it  forms  the  *  blue  oxide,'  but  if  the  heat  be 
carried  to  whiteness,  *  prepared  oxide.* 

Smalt  is  a  blue  colour,  employed  in  the  arts  for  giving  a  pale 
blue  tint  in  glass,  porcelain,  and  pottery  work,  also  for  paper- 
staining,  and  domestic  use  in  the  laxmdry.  For  these  uses 
ordinary  smalt  is  employed,  where  the  colour  is  diluted  with  other 
admixtures,  but  for  the  finer  uses  of  glass-painting  a  factitious 
smalt  is  preferable,  where  the  composition  of  ordinary  smalt  is 
imitated,  but  wherein  pure  oxide  of  cobalt  is  used. 

For  ordinary  smalt  the  ore  is  powdered  and  levigated,  after 
which  it  is  roasted  in  such  a  manner  as  to  render  foreign  metals  as 
inert  as  possible,  and  at  the  same  time  to  oxidize  the  cobalt.  This 
effected,  it  is  mixed  in  the  proportion  of  4  to  5  parts  of  ore  with 
about  the  same  weight  of  pearl-ash,  or  rough  potassic  carbonate, 
and  10  parts  of '  sand.'  The  material  termed  sand  being  obtained 
by  heating  quartz  to  redness,  quenching  it  in  cold  water,  and 
powdering  the  fragments  so  got.  These  are  heated  very  strongly 
in  refractory  crucibles  so  as  to  vitrefy  them.     The  pots  on  removal 
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have  the  glassy  mixture  ladled  off  the  metallic  matters  which 
separate ;  these  latter,  termed  speiss,  consist  of  sulphides  and 
arsenides  of  nickel,  iron,  and  copper,  which  after  removal  of  the 
smalt  are  cast  into  ingots,  and  worked  for  the  recovery  of  the 
nickel.  The  vitrefied  matter  is  next  ground  up,  the  grinding 
being  carried  on  by  stones  working  in  a  wooden  trough,  which  has 
a  stream  of  water  flowing  through  it.  The  powder  is  carried 
thence  into  a  series  of  settling  troughs,  the  coarser  and  more 
coloured  particles  subside  in  the  ones  nearest  to  the  mill,  the  finer 
passing  on  with  the  washing  water  to  those  furthest  away.  The 
products  are  collected  and  sold  under  certain  trade-marks  ex- 
pressive of  its  quality. 

It  will  be  seen  in  the  above  process,  that  the  sand  and 
potassic  carbonate  form  a  genuine  glass,  while  another  portion 
of  the  sand,  by  union  with  the  oxide  of  cobalt,  forms  a  silicate  of 
cobalt,  and  the  result  is  actually  glass  coloured  by  cobaltous 
silicate,  which  dissolves  in  it.  Good  smalt  ought  not  to  contain 
less  than  1 2  per  cent  of  oxide  of  cobalt ;  and  a  very  excellent 
manufacture  of  this  substance  is  now  carried  on  in  Sweden,  where 
it  is  imj)roved  by  the  previous  complete  separation  of  the  arsenic 
and  iron  from  the  ore. 

The  beautiful  blue  pigment  known  to  artists  as  Cobalt,  or 
Thenard's  blue,  is  a  compound  of  cobalt  oxide  with  alumina.  For 
its  preparation,  a  solution  of  cobaltous  nitrate  is  treated  with  one 
of  potassic  phosphate  (hydro- dipotassic  phosphate).  A  quantity 
of  alum  is  also  dissolved,  and  solution  of  sodic  carbonate  added. 
To  one  part  of  the  first  precipitate  five  of  the  latter  are  added,  and 
the  gelatinous  precipitates  well  mixed,  dried  and  ignited  at  a  dull 
red  heat  in  a  closely  covered  crucible  in  order  to  exclude  the 
gases  of  the  combustible  materials  as  much  as  possible,  as  they 
would  injure  the  colour  of  the  product.  This  is  further  guarded 
against,  by  introducing  a  little  mercuric  oxide  into  the  crucible, 
which  is  decomposed  at  the  heat  employed,  and  fills  the  vessel 
with  an  atmosphere  of  oxygen,  while  its  mercury  volatilizes. 

The  resulting  colour  is  a  beautiful  blue  powder.  The  pigment 
known  as  Rinman's  green  is  also  a  cobalt  colour.     A  mixture  of 
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zincic  and  cobaltous  sulphates  is  made ;  to  these  a  solution  of  sodio 
carbonate  is  added.  The  precipitate  obtained  is  well  washed,  and 
ignited  in  a  porcelain  crucible,  when  the  green  compound  results. 

Discrimination   of  Cobalt. —  ist.  Compounds    of  this   metal, 
when  heated  in  the  oxidizing  flame  of  the  blowpipe  with  a  little 
borax,  give  a  very  blue  bead,  so  intense  that  the  most  minute 
quantity  must  be  employed  in  order  to  obtain  the  peculiar  blue  of 
the  metal. 

2nd.  Dihydric  sulphide  gives  no  precipitate  in  acid  solutions, 
but  from  neutral  ones,  part  of  the  cobalt  goes  down  as  sulphide, 
and  from  alkaline  ones  the  whole  falls. 

3rd.  Ammonio-hydric  sulphide  precipitates  a  black  hydrated 
sulphide  from  neutral  solutions,  insoluble  in  excess,  or  in  alkalis ; 
difficultly  soluble  in  hydrochloric  acid,  but  quite  soluble  by 
heating  in  nitro-hydrochloric  acid. 

4th.  Potash  or  soda  in  excess  precipitates  a  blue  basic  salt; 
this  oxidizes  on  exposure  to  air,  and  becomes  green.  On  boiling, 
it  becomes  a  pale  red  hydrate. 

5th.  Ammonia  acts  as  potassa,  but  excess  redissolves  the  pre- 
cipitate, which  is  again  thrown  down  by  potassa,  or  soda,  as  a 
blue  basic  salt.  The  presence  of  free  acid  or  ammoniacal  salts 
hinders  precipitation  by  ammonia. 

6th.  Potassic  ferrocyanide  gives  a  brownish  green  precipitate. 

7th.  Potassic  ferridcyanide  throws  down  a  reddish  brown  one. 

Lastly,  solutions  of  cobalt  salts  when  dilute,  pajss  up  from 
rose  colour  to  deep  red  as  they  become  more  concentrated,  and 
from  red  to  lilac  and  blue,  dependent  upon  the  quantity  in 
solution.  Many  of  the  dilute  red  solutions  may  be  changed 
to  blue  by  heating,  the  liquid  assuming  the  original  tint  as  it 
cools. 

Cobalt  was  always  formerly  estimated  as  protoxide,  but 
FresHv  has  shown  that  it  always  retains  some  of  the  acid,  thus 
this  plan  is  not  now  used ;  and  of  all  other  methods,  that  of 
estimating  it  as  sulphate,  either  directly  or  after  its  precipitation, 
as  sulphide,  is  of  most  general  application. 
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CHAPTER  XIX. 


NICKEL. 


NiOKELwas  discovered  by  Cronstedt  in  175 1.  It  is  not  employed 
unalloyed,  but  largely  in  the  formation  of  the  claaB  of  alloys 
known  as  German  silver,  electrum,  nickel  silver,  and  some  others ; 
all  of  which  are  alloys  where  the  colour  of  copper  (their  basis)  is 
overcome  by  varying  proportions  of  nickel  and  zinc  added, 
for  when  alloyed  with  copper,  nickel  has  the  extraordinary 
power  of  whitening  suck  alloys.  In  csises  where  the  metal  is 
made  for  founding  purposes,  a  very  small  percentage  of  lead  is 
also  included. 

There  are  several  ores  of  nickel,  but  the  two  from  which  it  is 
largely  obtained  are  Speiss  and  Kupfer-nickeL  Speiss  is  a  residue 
from  the  manufacture  of  smalt  (see  page  48  2),  and  is  a  very  impure 
nickel  arsenio-sulphide.  It  contains  besides  an  average  of  about 
48  per  cent  of  nickel,  from  1  '5  to  about  4  per  cent  cobalt,  and 
varying  quantities  of  some  of  the  following  metals,  namely,  iron, 
copper,  bismuth,  magnesia,  antimony,  and  arsenic ;  and  also  some  J?ta/l^ 
sulphur.  Berthier  gives  an  analysis  of  a  sample  of  speiss,  as 
follows  : — Nickel,  49  per  cent;  cobalt,  3*2  ;  copper,  1*6  ;  arsenic, 
37*8  ;  antimony  a  trace,  and  with  these  was  7*8  sulphur,  and  0*6 
of  sand. 

Kupfer-nickel  is  a  nickel  diarsenide.  An  analysis  of  this  bj 
Rammelsberg  gave  the  per-centage  of  nickel  as  39*94.  The  other 
ores  of  nickel  are  Annabergite,  an  arseniate ;  £merald  nickel ;  Mil- 
lerite,  a  sulphide ;  and  Eisen-nickelkies^  a  nickel  and  iron  sulphide. 
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Some  of  ihesh  ores  are  found  in  considerable  quantity  in  Great 
Britain ;  arsenide,  sulphide,  and  also  kupfer-nickel,  in  Cornwall ; 
but  the  Cornish  ores  seldom  yield  more  than  7  per  cent  of  the 
metaL     The  foreign  ores  worked  average  from  10  to  15  per  cent. 

Nickel  is  very  analogous  to,  and  always  associated  with^ 
cobalt ;  and  as  the  separation  of  these  two  is  an  operation  of  some 
chemical  difficulty,  it  is  found  necessary,  in  obtaining  this  metal 
even  for  commercial  uses,  to  have  recourse  to.  combined  chemical 
or  wet,  with  more  strictly  metallurgio  or  dry  processes.  Of  the 
ores  employed,  speiss  is  the  most  largely  used ;  but  the  difficulty 
of  producing  the  metal  from  it  has  led  manufacturers  to  keep  the 
processes  secret.  Of  several,  however,  which  have  been  described, 
the  following  may  be  taken  as  illustrating  its  working  : — In  all,  the 
first  or  wet  operations  are  for  the  production  of  nickel  oxide,  and 
the  after  dry  one  for  the  reduction  of  the  metal  from  this. 

Berthier,  in  his  plan,  learns  first  by  experiment  how  much  iron 
is  needed  to  separate  the  arsenic  in  the  ore  he  is  about  to  work 
upon,  as  ferric  arseniate.  He  then  adds  the  requisite  quantity  to 
the  roasted  speiss,  and  dissolves  them  in  aqua  regia  with  a  little 
excess  of  nitric  acid,  at  a  boiling  heat.  This  is  evaporated  to 
dryness,  and  the  mass  exhausted  with  water :  thus  much  ferric 
arseniate  is  left  undissolved,  and  the  remainder  is  next  separated, 
together  with  some  cupric  oxide,  by  treating  the  filtrate  with  sodio 
carbonate.  A  white  precipitate  falls,  which  should  soon  turn  brown  ; 
if  it  does  not,  some  ferric  chloride  must  be  added,  for  it  is  thus 
shown  that  the  quantity  of  iron  was  not  sufficient  at  first.  The 
solution  must  then  be  again  precipitated  by  sodic  carbonate, 
adding  it  with  care,  so  as  just  to  throw  down  the  iron  compounds ; 
afler  which  dihydric  sulphide  is  passed  into  the  filtrate  to  precipi- 
tate the  remainder  of  the  copper  ;  and  after  the  cupric  sulphide  is 
filtered  out,  the  nickel  and  cobalt  are  precipitated  at  a  boiling  heat 
by  means  of  a  fresh  addition  of  sodic  carbonate.  The  nickel  and 
cobaltous  carbonates  are  washed  and  diffused  in  water,  and  an 
excess  of  chlorine  gas  is  passed  into  this  liquid,  which  is  sub- 
sequently exposed  to  air,  for  the  evaporation  of  the  excess  of 
chlorine,  and  then  filtered.     The  nickel  will  be  in  solution  as 
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nickel  chloride,  the  cobalt  or  cobaltous  oxide  filters  out,  but  with 
it  some  nickel  oxide.  Lastly,  nickel  oxide  is  precipitated  firom  the 
chloride  by  the  addition  of  an  alkali. 

Thompson  digests  powdered  speiss  in  dilute  sulphuric  acid,  and 
adds  nitric  from  time  to  time,  as  long  as  any  action  is  kept  up  by 
it.  A  green  solution  is  produced,  from  which  arsenious  acid  sepa- 
rates. The  latter  removed,  the  liquid  is  evaporated,  and  potassic 
sulphate  (equal  to  -half  the  weight  of  the  speiss)  or  carbonate 
added  ;  after  which  it  is  concentrated  and  set  aside  for  crystalliza- 
tion. The  double  nickel  and  potassium  sulphate  is  purified  by 
recrystallization,  and  may  then  have  the  nickel  oxide  separated. 

Cloez  (Dingl  Bd  148,  S  206)  gives  a  method  wherein  he  dis- 
solves roasted  speiss  or  kupfer-nickel  in  powder  in  concentrated 
hydrochloric  acid  Then  to  the  solution  he  adds  excess  of  hydro- 
sodic  sulphite,  and  boils  until  the  arsenic  acid  is  reduced  to 
arsenious,  and  the  excess  of  sulphurous  acid  driven  off.  He  next 
passes  into  the  warm  solution  dihydric  sulphide.  Thus  arsenic, 
copper,  antimony,  lead,  and  bismuth,  are  separated,  and,  after 
standing  some  time,  filtered  out.  The  filtrate  is  evaporated  to 
dr3mess,  and  the  residue  dissolved  in  water.  Chlorine  is  passed 
in.  He  then  adds  baric  or  calcic  carbonate,  which  precipitates 
iron  and  cobalt.  Sulphuric  acid  is  next  added,  sufficient  to  remove 
any  dissolved  barium  or  calciimi.  After  filtering,  sodic  carbonate 
is  added,  which  precipitates  nickel  carbonate,  and  this  is  reduced 
by  heating  to  redness. 

The  process  first  published  by  Louyet,  and  carried  on  at  Bir- 
mingham, may  be  taken  as  an  excellent  one. 

He  first  makes  a  mixture  of  speiss,  fluor-spar,  and  chalk,  and, 
having  fused  them  altogether,  separates  the  slag  ;  after  which  the 
residue  containing  the  metals  is  powdered  and  roasted  for  12 
hours,  so  as  to  separate  as  much  arsenic  as  possible  in  the  state  of 
arsenious  acid  The  roasted  powder  is  next  digested  in  hydro- 
chloric acid,  and  the  solution  obtained  diluted  largely  with  water ; 
after  which  ordinary  bleaching  powder  (known  commercially  as 
chloride  of  lime)  is  added  gradually,  so  as  to  peroxidize  the  iron 
present,  which  is  subsequently  precipitated  by  addition  of  milk  of 
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lime,  as  long  as  it  throws  any  precipitate  down.  With  this  ferrio- 
oxide  is  associated  any  arsenic  not  separated  by  the  above  roasting 
operation. 

The  liquid,  together  with  the  washings  of  this  precipitate,  has 
next  a  current  of  dihydric  sidphide  passed  through  it,  until  a  por- 
tion filtered  out  will  give  a  black  precipitate  with  ammonia. 

The  dihydric  sulphide  precipitates  any  copper,  lead,  or  bismuth 
contained,  leaving  the  nickel  in  solution,  together  with  cobalt 
After  boiling  to  get  rid  of  excess  of  dihydric  sulphide,  enough 
lime  is  added  to  neutralize  any  acidity,  and  now  an  addition  of 
bleaching  powder  will  peroxidize  the  cobalt ;  and  upon  again  filter- 
ing the  solution,  the  nickel  may  be  obtained  by  the  addition  of  milk 
of  lime ;  it  falls  as  a  hydrated  protoxide. 

The  nickelous  oxide  obtained  by  any  of  the  above  processes  is 
reduced  on  the  large  scale  by  heating  very  strongly  with  powdered 
charcoal  in  fire-clay  cylinders  ;  these  are  set  upright  in  the  furnace 
and  charged  from  time  to  time  with  square  masses  of  the  dried 
oxide  and  charcoal ;  the  reduced  metal  sinks  to  the  bottom,  and 
is  occasionally  removed  at  openings  made  for  the  purpose,  and  at 
the  same  time  fresh  material  introduced  at  the  top. 

There  are  several  methods  of  obtaining  pure  nickel,  and  of 
these  Deville*s  may  be  employed.  He  dissolves  commercial  nickel 
in  hydrochloric  acid,  boiling  the  solution  to  dryness,  the  residue  is 
digested  in  water,  thus  the  ferric  oxide  is  left.  Dihydric  sulphide 
is  then  passed  in  to  separate  the  copper  present,  the  solution  being 
diluted  for  the  purpose.  It  is  then  evaporated,  and  when  suffi- 
ciently concentrated,  oxalic  acid  is  added,  thus  nickel  oxalate  is 
precipitated;  this  is  heated  intensely  in  a  lime  crucible  with  a 
well-luted  cover,  so  as  to  exclude  air,  thus  the  carbonate  oxide 
formed  by  the  decomposition  of  the  oxalic  acid  reduces  the  metal 
itself. 

Properties. — It  is  a  white  metal,  inclining  to  steel-grey,  very 
hard,  and  susceptible  of  a  high  polish;  it  is  ductile,  and  very 
tenacious ;  when  pure,  it  is  malleable,  but  this  property  is  much 
diminished  by  the  presence  of  carbon ;  it  is  capable  of  welding,  is 
magnetic^  and  has  a  specific  gravity  of  8*82  when  hammered ;  it  is 
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slowly  soluble  in  sulphuric  or  in  hjdrocblorio  acid — freely  so  in 
nitric  or  in  aqua  regia.  If  heated  strongly  in  the  air,  it  is  oxidized. 
S3rmbol,  Ni".     Atomic  weight,  59. 

There  are  two  oxides  of  nickel  analogous  in  composition  to 
those  of  iron,  namely,  a  protoxide  and  a  sesquioxide. 

The  first  or  nickelous  oxide  is  precipitated  from  a  nickel  salt 
by  a  fixed  alkali,  by  which  means  it  falls  as  a  bulky  pale  apple- 
green  hydrate — the  characteristic  colour  of  salts  of  nickeL  This 
oxide  is  again  soluble  in  acids,  forming  salts  of  nickel.  The  water 
of  tho  hjdrated  oxide  may  be  driven  off  at  a  strong  heat,  but  the 
anhydrous  oxide  is  best  prepared  by  igniting  the  carbonate  in  a 
covered  crucible  ;  it  is  of  a  brownish-green  colour.  Ammonia  or 
ammonic  chloride  dissolves  this  oxide,  forming  darker  blue  solu- 
tions.    Its  composition  is  Ni  0.     Atomic  weight,  75. 

The  second,  or  sesquioxide,  may  be  formed  by  heating  the 
carbonate  as  in  the  last  case,  but  gently,  and  with  exposure  to 
air ;  in  this  way  a  black  powder  is  obtained ;  or  in  the  hydrated 
state  by  suspending  nickelous  oxide  in  water,  and  passing  chlorine 
through  the  liquid.  The  sesquioxide  is  insoluble  in  acids;  but 
upon  heating  it  in  nitric  or  sulphuric  acid,  salts  of  protoxide  will 
be  obtained.     Composition,  Ni^  O3.     Atomic  weight,  1 66, 

A  chloride  having  a  composition  Ni  Cl«  may  be  obtained  by 
dissolving  the  protoxide  in  hydrochloric  acid,  and  evaporating  the 
solution  to  dryness.  The  residue  may  be  sublimed  in  yellow 
scales. 

There  are  three  sulphides — a  subsulphide,  a  protosulphide,  and 
a  disulphide.  The  principal  one — viz.,  the  protosulphide — is  not 
precipitated  from  nickel  solutions  by  dihydric  sulphide,  but  may 
be  so  thrown  down  by  ammonio-hydric  sulphide.  Thus  it  falls  in 
a  hydrated  state,  as  a  black  powder.  It  may  also  be  formed  in 
the  anhydrous  state  by  heating  nickel  and  sulphur  together; 
action  is  very  violent,  and  the  combination  takes  place  at  a  lower 
point  than  the  fusing  point  of  sulphur. 

The  alloys  of  nickel  are  chiefly  those  which  it  forms  with 
copper  and  zinc,  constituting  German  or  nickel  silver;  these  will  be 
considered  after  Zinc.    But  it  may  be  here  noticed  that  a  small 
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quantity  of  cobalt  increases  the  ductility  of  nickel.  Arsenic  will 
render  it,  and  its  alloys,  brittle,  and  disposes  them  to  atmospheric 
oxidation.  Iron  and  lead  also  tend  to  render  nickel  brittle,  both 
alone  and  in  its  alloys. 

Discrimination  of  Nickel, — ist.  Dihydric  sulphide  causes  no 
precipitate  if  the  solution  of  the  nickel  salt  be  acid  ;  but  if  acidified 
merely  by  a  vegetable  acid,  or  the  solution  be  quite  neutral, 
partial  precipitation  will  take  place.  And  in  the  case  of  a  neutral 
solution  entire  precipitation  takes  place  by  long-continued  action 
of  the  gas. 

2nd.  Ammonio-hydric  sulphur  gives  a  black  precipitate.  This 
sulphide  is  slightly  soluble  in  excess,  and  will  give  a  brown  tint  to 
the  solution.  Nickel  sulphide  is  scarcely  soluble  in  hydrochloric 
acid,  but  readily  so  by  heating  in  aqua  regia. 

3rd.  The  alkalis  throw  down  green  precipitates  of  hydrated 
oxide  ;  that  formed  by  ammonia  is  soluble  in  excess.  Thus  a  clear 
blue  solution  is  formed^  to  which  an  excess  of  potassa  added  will 
throw  down  nickelous  oxide  in  combination  with  some  potassa. 

4th.  Alkaline  carbonates  throw  down  nickelous  carbonate  of 
similar  appearance  t<T  the  oxide;  this  again,  is,  like  it,  quite 
insoluble  in  the  fixed  alkaline  precipitants,  but  soluble  in  excess 
of  ammonic  carbonate. 

5th.  Potassic  cyanide  gives  a  yellowish  green  precipitate  of 
nickelous  cyanide,  soluble  in  excess,  forming  a  double  cyanide, 
Hydrochloric  acid  decomposes  this  and  reprecipitates  the  nickel 
cyanide. 

6th.  Potassic  ferrocyanide  gives  a  greenish  white  precipitate. 

7  th.  Potassic  ferridcyanide  a  yellowish  green  one. 

When  heated  in  the  reducing  flame  of  the  blowpipe,  with  a 
little  borax  or  sodic  carbonate,  a  grey-coloured  bead  is  formed, 
owing  to  the  reduction  of  the  metal  itself;  and  such  a  bead  may 
be  dissolved,  and  the  metal  actually  collected  by  the  magnet.  With 
borax  in  the  outer  flame,  a  deep  yellow  or  orange  glass  is  pro- 
duced while  hot,  which  loses  much  of  its  colour  as  the  bead  cools 
down. 
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In  estimating  nickel,  it  is  always  done  as  protoxide,  and  by 
precipitating  the  metal  by  potassa ;  but,  owing  to  the  tendency  of 
nickelous  oxide  to  retain  potassa,  continuous  washing  is  necessary 
before  we  can  diy  and  weigh  the  precipitate. 

Its  separation  from  copper  and  zinc,  as  in  the  analysis  of 
German  silver,  will  be  considered  in  the  chapter  on  Zinc. 

The  separation  of  nickel  from  cobalt  is  an  operation  often 
required,  and  of  some  difficulty.  Liebig's  method  is  the  one  now 
generally  used.  The  solution  of  protoxide  of  nickel  with  pro- 
toxide of  cobalt  must  be  free  from  other  oxides  (except  of  pot- 
assium and  sodium  if  associated).  Hydrocyanic  acid  in  excess, 
and  then  caustic  potass  is  added,  and  then  warmed  until  all 
is  dissolved,  and  it  is  reddish-yellow  in  colour.  It  is  then  heated 
to  boiling,  to  expel  excess  of  hydrocyanic  acid.  A  double  cyanide 
of  cobalt  and  potassium  is  first  formed,  which  is  next  converted 
into  cobalticyanide  of  potassium,  hydrogen  being  evolved.  The 
double  cyanide  of  nickel  and  potassium  is  unchanged.  Some 
mercuric  oxide  is  now  powdered,  washed,  and  added,  and  the 
mixtiu-e  boiled.  The  nickel  is  precipitated  partly  as.  nickelous 
oxide,  and  partly  as  cyanide,  mercuric  cyanide  being  produced  at 
the  same  time.  The  nickel  precipitate  is  now  washed  and  ignited, 
and  the  residue,  being  pure  nickelous  oxide,  is  weighed  and 
estimated. 

Wohler  determines  the  cobalt  in  the  filtrate  by  first  nearly 
neutralizing  by  nitric  acid.  He  then  adds  a  solution  of  merourous 
nitrate,  as  neutral  as  possible ;  mercurous  cobalticyanide  falls  as 
a  white  precipitate ;  this  washed  and  ignited,  gives  pure  cobaltous 
oxide  for  weighing. 
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TIN. 


There  is  written  evidence  that  tin  has  been  known  as  a  metal  for 
more  than  2800  years ;  in  fact,  nearly  as  long  as  gold,  silver,  or 
iron.  In  the  early  times  the  supply  to  other  parts  of  the  world 
was  derived  chiefly  from  Britain,  and  as  at  the  present  time 
from  Cornwall  and  Devon,  where  it  exists  in  veins  as  a  binoxide, 
or  tin-stone.  The  mine  ore  is  found  in  veins  running  through 
primitive  rocks  of  granite,  porphyry,  or  clay  slate.  It  is  generally 
associated  with  arsenical  pyrites,  and  in  Cornwall  often  with 
copper  ores,  and  also  with  Wolfram,  a  tungstate  of  iron  and  man- 
ganese. And  the  veins  in  Cornwall  almost  always  run  east  and 
west.  The  nodular  masses,  known  as  stream  tin,  and  foimd  in 
the  beds  of  rivers,  as  also  in  alluvial  soils,  are  water-rounded 
portions  of  binoxide  in  a  very  pure  state.  And  the  same  ore  at 
times  occurs  crystalline,  in  forms  belonging  to  the  right  prismatic 
system.  Tin  is  also  found  in  smaller  amount  as  tin  pyrites, 
wherein  again  it  is  associated  with  ferric  and  cupric  sulphides. 
British  tin,  with  that  from  the  Island  of  Banca  or  Straits  tin,  now 
constitutes  the  great  bulk  and  best  qualities  of  the  metal ;  but  it 
is  also  found  in  Austria,  Siberia,  Saxony,  Bohemia,  America,  both 
in  the  South  and  in  the  States,  Mexico,  and  Australia. 

In  the  year  i860  Cornwall  and  Devon  produced  10,500  tons 
of  ore,  which  yielded  6700  tons  of  tin. 

Its  metallurgy  is  tolerably  simple.  The  ore  is  first  washed  by 
a  good  stream  of  water  to  separate  earthy  impurities,  and  the 
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larger  masses  and  stones  broken  up,  it  is  sorted  as  to  its  quaJitj 
and  association  with  other  metals.  If  it  contains  Wolfram  it  is 
specially  treated ;  if  arsenical  or  iron  pyrites,  they  are  cast  away, 
and  copper  pyrites  is  treated  for  reduction  of  the  copper.  The  tin 
ore  is  itself  divided  into  three  classes,  as  to  its  richness.  A  first 
or  richer  portion  constituting  *  best  work'  being  thus  separated 
from  a  second  or  intermediate  quality,  and  these  again  from  the 
third  or  very  poor  ore.  After  this  classifying  it  is  powdered  in 
a  stamp-milL  The  iron  stamps  weighing  from  two  to  three 
hundredweight  each,  being  so  arranged  as  to  work  in  a  kind  of 
box  or  trough,  through  which  a  stream  of  water  flows  during  the 
crushing  operation.  And  into  this  battery  the  ore  is  passed  down 
an  incline,  and  as  crushed  it  is  washed  out  of  the  trough  by  a 
grating  or  series  of  holes  at  its  sides  and  ends.  By  this  the 
powdered  ore  is  carried  away  into  a  succession  of  tanks,  passing 
first  over  long  narrow  inclined  troughs,  during  which  passage  the 
ore  will  again  separate  into  three  classes.  The  richest,  being  the 
heaviest  part,  rests  on  the  first  or  upper  portion  of  the  trough, 
the  poorest  passes  right  away  to  the  lower  as  tailings,  while  there 
will  be  retained  an  intermediate  quantity  of  ore,  also  of  corre- 
sponding or  middle  quality.  Then,  again,  in  the  tanks  or  reservoirs, 
the  same  classification  takes  place,  as  the  heavy  crushed  ore  will 
subside  at  once  in  the  first,  the  lighter  passing  onwards  into 
others,  while  the  comparatively  very  light  matters  are  carried 
still  farther,  and  carrying  with  them  but  little  ore,  constitute 
slimes. 

A  similar  separation  of  this  kind,  depending  upon  gravity,  is 
efi^ected  by  throwing  the  powdered  ore  in  shovelfuls  into  a  large 
tub  or  vat,  capable  of  containing  loo  gallons  of  water  (or  even 
more\  This  is  called  a  kieve,  or  tossing  tub.  In  this  the  powder 
is  well  stirred  up,  by  which  means,  on  leaving  it  to  subside,  it 
forms  a  top  layer  of  nearly  worthless  gangue,  a  middle,  which 
being  richer  in  ore  is  set  aside  for  another  washing,  and  a  lower, 
which  is  ready  for  smelting.  During  subsidence  the  separation  is 
assisted  by  striking  the  sides  of  the  tub  with  a  mallet 

The  intermediate  and  poorer  ore  is  again  washed  upon  a  rack 
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or  table  so  hung  upon  centres  as  to  admit  of  its  sides  being  elevated 
or  depressed.  It  is  merely  a  long  table  of  boards  fitted  with  a 
shallow  rim.  It  is  centred  upon  its  long  axis  by  being  hung  on 
two  pins  or  pivots,  so  that  either  side  may  be  tilted  downwards. 
The  ore  and  water  are  thrown  upon  it  by  a  sloping  board  at  the 
upper  end.  They  are  brushed  about  so  as  to  spread  the  ore  uni- 
formly to  the  action  of  the  water,  which  flows  down,  as  the  whole 
is  inclined  by  a  fall  of  about  6  inches  in  9  feet  of  length.  Thus 
the  finer  and  earthy  portions  wash  down  and  off  the  table  by  a 
slit  at  the  end,  while  the  heavier  ore,  brushed  to  the  sides,  is 
from  time  to  time  delivered  into  receptacles  formed  below  on  each 
side  ;  this  being  effected  by  letting  down  the  racking  table  for  the 
purpose. 

Pure  stream  tin  needs  but  crushing  and  washing  in  order  to  fit 
it  for  smelting,  but  mine  ore,  as  containing  sulphides  of  copper  and 
of  iron,  and  also  arsenical  compounds,  must  imdergo  a  preliminary 
roasting  previous  to  actual  smelting.  For  this  about  half  a  ton  is 
worked  in  an  ordinary  reverberatory  furnace,  having  a  bed  of 
about  9  feet  long  by  5  wide,  and  with  a  working  door  at  the  back 
for  stirring  and  rabbling  the  ore.  The  heat  is  kept  low  so  as  to 
volatilize  arsenic  and  sulphur,  without  at  the  same  time  fusing 
the  ore,  and  the  former  is  condensed  and  economised  by  collection 
in  a  large  flue  for  the  purpose.  The  roasting  occupies  from  twelve 
to  eighteen  hours,  and  when  over,  the  charge  is  raked  out  into  a 
chamber  below  the  bed. 

In  some  works  a  peculiar  kind  of  reverberatory  is  used  for  the 
last  operation,  viz.  one  wherein  the  bed  is  formed  of  a  circular 
plate  of  iron  of  about  8  feet  in  diameter ;  it  is  covered  with  fire- 
brick and  arranged  so  as  to  be  revolved  on  its  centre  by  means  of 
machinery  for  the  purpose.  It  revolves  very  slowly,  viz.  about 
four  times  in  an  hour,  and  during  this  turning,  all  parts  of  the  ore 
become  equally  exposed  to  the  heat,  for  which  object  it  is  kept 
turned  over  by  the  rotation  of  the  bed,  under  some  iron  arms  sus- 
pended from  the  arch  of  the  reverberatory.  The  ore  is  delivered 
into  the  centre  of  the  furnace  by  a  hopper,  and  is  gradually  passed 
off  to  the  circumference,  whence  the  calcined  ore  falls  into  a 


494      •  TIN. 

proper  receptacle  below.  This  apparatus  known  as  Bninton's 
calciner  effects  a  most  complete  separation  of  the  volatile  matters 
of  the  ore,  and  with  little  labour  required,  and  also  great 
economy  of  fuel. 

By  the  roasting  operation,  the  sulphur  when  present,  and  any 
arsenic,  which  latter  is  usually  associated  with  the  ore,  are  driven 
off,  and  any  other  metals  are  converted  into  light  oxides,  excepting 
only  any  contained  cupric  sulphide,  but  this,  during  the  operation, 
joined  with  after  exposure  to  air  and  moisture,  becomes  sulphate, 
and  is  dissolved  out  by  water,  and  the  copper  subsequently  re- 
duced by  iron.  The  ore  is  finally  washed  so  as  to  separate  the 
lighter  oxides  remaining. 

The  treatment  of  tin  ores  containing  Wolfram,  or  tungstate  of 
iron  and  manganese  consists  in  fusing  them  with  sodic  carbonate, 
or  sulphate,  so  ai&  to  form  tungstate  of  soda,  which  is  dissolved  out 
and  crystallized.  The  ferric  and  manganic  oxides  are  then  readily 
washed  away  from  the  ore,  which  is  left  ready  for  the  after  opera- 
tion for  reducing  its  tin. 

In  practice  sodic  sulphate  is  employed  rather  in  excess  of  the 
quantity  needed  to  neutralize  the  tungstic  acid  estimated  as  present 
The  salt  is  mixed  with  the  ore,  together  with  some  powdered  coal 
or  charcoal,  the  latter  being  for  the  purpose  of  decomposing  the 
soda  salt.  The  mixture  is  heated  in  a  well-closed  reverberatory 
furnace  :  the  carbon,  and  reducing  action  of  the  flame,  reduce  the 
soda  salt,  and  sodic  sulphide  results.  Some  air  is  then  admitted 
into  the  furnace,  and  thus  both  the  sulphur  and  sodium  are 
oxidized.  The  sulphurous  anhydride  escapes,  and  the  soda  takes 
the  tungstic  acid  of  the  Wolfram.  The  mass  is  removed,  and 
lixiviated  with  water,  after  which  the  sodic  tungstate  is  cystallized 
out.  It  has  been  much  used  to  render  light  articles  of  dress  non- 
inflammable,  also  as  a  calico-printing  mordant. 

The  tin-stone  or  roasted  ore,  as  thus  prepared,  is  now  ready 
for  the  smeller;  and,  in  this  country,  his  operation  is  always 
carried  on  in  an  ordinary  reverberatory  (fig.  95),  but  with  a  very 
low  arch ;  the  bed  a  is  of  fire-brick,  and  peculiar  in  having  a 
shallow  air-chamber  6,  formed  under  it,  which   is  continued  into 


the  bridge :  this  U  to  prevent  the  over-heating  of  the  materials  of 
which  the  furnace  is  fonned.  The  oharging-door  c,  ia  at  one  aide, 
and  at  the  back,  and  by  the  side  of  the  Sue  is  a  door  d,  through 
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which  the  charge  is  worked.  Then  opposite  the  charging-door  ia  a 
channel,  closed  bj  a  plug  during  working,  but  leading  to  a  lai^d 
iron  pot ;  and  into  this  latter  the  metal  ia  allowed  to  flow  by  this 
chanael,  when  its  reduction  is  effected,  e  is  a  stopped  opening, 
which  is  opened  during  the  time  the  slags  are  skimmed  off,  also 
when  the  ore  is  charging  in. 

In  working,  the  ore  is  mixed  with  an  average  quantity  of  about 
1 ;  per  cent  of  anthracite,  and  damped,  and  about  i  ton  of  this  is 
charged  in,  a  little  calcareous  fiux,  as  lime,  or  fluor  spar,  having 
been  added  at  the  same  time.  After  spreading  over  the  floor,  the 
Are  is  at  first  kept  moderate,  but  after  a  time  it  ia  urged  in 
intensity  over  a  period  of  6  or  8  houra.  The  working  door  ia  then 
opened,  and  the  charge  well  stirred  and  mixed,  and  this  stirring 
helps  the  light  metal  to  subside  through  the  pasty  slag  formed  ; 
after  this  the  doors  are  again  closed,  and  the  heat  maintained  for  a 
time,  when  some  moist  ash  ia  thrown  over  the  surface,  and  the 
scoriee  formed  raked  off.  This  is  reserved  in  order  to  separate  axty 
grains  of  metal  skimmed  with  it  A  clear  bath  of  metal  is  thus 
left  in  the  furnace ;  the  plug  is  therefore  withdrawn  from  the  exit- 
channel,  and  the  whole  allowed  to  flow  into  the  iron  pot,  where, 
after  letting  it  remain  for  a  time,  that  the  slag  may  rise  to  the 
surface,  it  is  lastly  skinuned,  and  the  metal  ladled  into  moulds. 
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In  raking  the  slag  or  scorisd,  as  above  stated,  from  the  re- 
verberatory,  previous  to  running  out  the  metal^  the  top  portions 
are  first  carefully  taken  out  to  within  about  one  fourth  of  the 
whole.  This  being  nearly  free  from  metal,  <kc.,  is  cast  away.  Part 
of  the  remainder  is  stamped,  by  which  the  beads  of  metal  are  sepa- 
rated, and  the  last  portions  containing  some  oxide  of  tin  and  aJao 
metal,  are  added  to  the  next  charge  of  the  smelting  furnace. 
About  7  per  cent  of  the  slags  is  metallic  tin. 

In  Germany  tin  is  smelted  much  in  the  same  way  as  iron  is  in 
England ;  and  for  this  purpose  a  small  blast-furnace,  as  shown  in 
the  drawing,  is  used.     A  granite  body,  a,  is  formed ;  and  in  front 

of  this  is  placed  a  water-cistern,  b  ; 
into  this  the  slags  of  the  operation 
are  allowed  to  flow,  while  the  metal 
reduced  is  carried  by  another  chan- 
nel into  the  reservoir,  o.  The  body 
is  enclosed  above  by  a  hood.  The 
fuel  employed  is  charcoal,  and  the 
whole  arrangement  is  worked  very 
much  in  the  way  of  our  iron  blast, 

J  B    _^„^  =|=i=i=      the  prepared   ore    and   ftiel  being 

[^nan  ■  ^^^^      continuously  thrown  in  at  the  top 

of  the  frimace,  and  again  the  air 
'  being  thrown  in  by  similar  means ; 
^^'  ^  *  thus  the  oxygen  of  the  blast  with 

carbon  forms  carbonic  oxide,  which  reduces  the  oxide  of  tin  aa  it 
passes  dovni ;  but,  although  the  Germans  assert  that  the  product 
is  better,  there  is  much  loss  of  metal  compared  with  the  English 
method,  and,  moreover,  the  consumption  of  friel  is  much  greater. 

The  smelting  operation  does  not  afford  pure  tin,  but  metal  in 
which  iron,  lead,  arsenic,  and  sometimes  timgsten,  bismuth,  or 
copper,  may  exist  as  impurities.  Hence  the  ingots  are  subjected 
to  an  operation  of  liquation,  in  order  to  separate  the  pure  tin  frx>m 
them.  For  this  they  are  placed  in  a  reverberatory,  and  heated 
very  gently  :  thus  the  purer  tin,  fusing  first  at  a  low  temperature, 
is  allowed  to  flow  off;    while  the  portions  associated  with  the 
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impurities,  being  more  infiuible,  remain  unmelt«d  in  the  furnAce. 
After  the  first  fluid  portions  are  collected,  the  remaiiider  is 
removed,  fused,  and  sold  as  'block  tin.' 

The  liqiuttion  operation  is  carried  on  upon  succenive  lots  of 
ingots,  aod  the  purer  metal  passiug  from  them  is  allowed  to  floir 
inb)  a  refining  pot :  this  is  heatad  np  by  a  separate  fire,  bo  that 
the  metal  may  be  subjected  to  a  kind  of  poling  operation,  some- 
what resembliog  that  employed  in  refining  copper,  but  in  this 
instance  performed  witU  a  bundle  of  wet  poles,  whereby  steam  is 
generated  upon  their  oontaot  with  the  fused  and  hot  tin,  and  by 
the  escape  of  which  steam,  agitatiou  is  given  to  the  maaa,  sufGciont 
to  carry  imparities  to  the  suriaoe  for  slumming  off.  This  process, 
which  is  called  boiling,  is  carried  on  for  some  two  to  three  hours ; 
after  which  the  poles  are  removed,  and  the  metal  allowed  to 
remain  at  rest,  when  the  denser  and  less  pure  portions  subside  to 
the  bottom.  The  metal  is  then  ladled  out  aad  cast,  the  first 
portions  oonstitnting  refined  tjn,  or  bar  tin.  Sometimes  the  fine 
metal  is  broken  up  as  grain  tin,  the  metal  being  heated  up  for  the 
production  of  the  latter  to  a  point  whereat  it  becomes  brittle,  if 
pure,  and  so  capable  of  breaking  up  readily.  This  is  effected  by 
throwing  it  from  a  height  down  on  a  hard  floor  wbea  beat«d 
neariy  to  fusion. 

The  metal  remaining  after  the  removal  of  the  Imt  or  refined 
tin  is  cast,  and  sold  also  as  block  tin  ;  but  a  small  quantity  at  the 
bottom  of  the  pot  is  often  so  charged  witb  foreign  metals  as  to  be 
nearly  worthless,  or  at  any  rate  to  need  a  second  refining. 

As,  after  all,  commeroial  tin  retains  small  traces  of  impurity 
amounting  in  tbe  finest  kinds  to  about ']  pn  cent,  the  methods 
for  obtuning  chemically  pure  tin  may  now  be  considered.  For 
this  purpose  good  commercial  tin  may  be  taken  and  dissolved  in 
hydrochloric  acid  :  thus  hydrogen  will  be  evolved,  and  the  metals 
all  converted  into  chlorides,  with  the  exoeption  of  antimony  and 
arsenic.  If  either  of  these  be  present,  it  will  combine  with 
hydrogen  and  be  evolved  as  a  gas,  vie  as  antimoniuretted  or 
arseninretted  hydrogen,  and  some  of  the  autiiiKiny  may  also 
remain  as  on  insoluble  black  residue. 

'r  S 
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Any  residue  being  separated  by  filtration^  the  liquid  is  to  be 
evaporated  to  a  small  bulk,  and  then  treated  with  nitric  acid. 
This  will  convert  the  tin  into  insoluble  metastannic  acid,  a  crys- 
talline white  body.  The  whole  is  now  to  be  evaporated  to 
dryness,  and  then  washed  with  a  little  hydrochloric  acid ;  after 
which  it  is  to  be  thrown  upon  a  filter,  thoroughly  washed  and 
dried,  and  subsequently  reduced  by  mixing  it  with  charcoal,  and 
heating  strongly  in  a  crucible,  when  a  button  of  pure  tin  will 
result 

Perfectly  pure  tin  may  easily  be  obtained  in  small  quantities 
by  voltaic  fiction,  operating  as  follows  :  A  concentrated  solution  of 
tin  in  hydrochloric  acid  is  made,  and  decanted  into  a  beaker; 
water  is  next  poured  cautiously  upon  it,  so  as  to  leave  undisturbed 
the  layer  of  dense  liquid,  covered  with  a  separate  one  of  water. 
A  bar  of  tin  then  placed  in  the  liquid  will  have  the  pure  metal 
deposited  from  the  solution,  and  upon  the  introduced  bar,  just 
at  the  point  of  junction  of  the  metallic  solution  and  the  water. 

Properties, — Tin  is  a  metal  very  nearly  approaching  silver  in 
whiteness,  and  it  bears  a  high  polish.  Thus  a  burnisher  will  give 
it  a  beautiful  surface,  which  is  not  tarnished  by  exposure  to  dry 
air.  Although  a  crystalline  metal,  it  is  very  soft  and  malleable, 
And  may  readily  be  beaten  into  a  veiy  tenacious  foil,  but  it  is  not 
ductile  at  ordinary  temperatures,  and  can  only  be  drawn  into  wire 
by  heating  it  up  to  about  212°  F.=  100°  C.  It  is  readily  crys- 
tallised by  fusing,  cooling  slowly,  and  then,  pouring  away  the 
last  fluid  portions,  eight^ided  needles,  or  else  rhombic  tables,  are 
so  produced ;  and  it  may  abo  be  separated  from  stannous  chloride 
by  decomposing  the  latter  by  means  of  slow  action  with  the 
galvanic  battery.  In  such  a  way  it  will  be  slowly  deposited  upon 
the  negative  pole  after  a  few  days'  action. 

Tin  will  give  a  peculiar  crackling  sound  if  a  bar  of  it  is  bent, 
and  aftsr  a  time  will  become  considerably  heated  by  such  means  : 
this  is  produced  by  the  friction  of  the  molecules  or  crystals  upon 
each  other  during  this  bending  action.  The  specific  gravity  of  tin 
ranges  from  7*178,  that  of  the  crystals,  to  7*295,  when  well  rolled. 
Tin  fuses  at  442°  F.=:  227*8°  C. ;  and  casts  of  this  metal  contract 
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somewhat  upon  cooling — hence  losing  sharpness.  When  exposed 
to  air  during  fusion,  it  oxidizes  rapidly,  and  indeed,  bums  bril- 
liantly if  the  heat  be  carried  above  the  fusing  point ;  but  at  ordi- 
nary temperatures  the  brilliant  white  surface  of  tin  is  imdestroyed. 

The  three  mineral  acids  act  upon  it  with  energy.  By  sulphuric 
it  is  dissolved,  and  stannic  sulphate  results,  some  sulphur  sepa- 
rating; hydrochloric  acid  converts  it  into  stannous  chloride — 
hydrogen  being  evolved  in  both  these  cases.  Nitric  acid  acts  more 
slowly  upon  it  if  the  acid  be  concentrated ;  but,  if  4^ute,  its  action 
is  veiy  violent,  and  the  tin,  in  place  of  dissolving,  is  converted  into 
a  pulverulent  but  crystalline  dioxide. 

The  alkalis,  potash,  or  soda,  when  heated  with  it,  act  upon  it, 
their  water  of  hydration  being  decomposed ;  and  thus  hydrogen 
is  set  free,  and  the  resulting  compound  is  a  salt  wherein  the 
oxidized  tin  acts  as  an  acid  to  the  alkaline  base. 

If  a  piece  of  tin  be  rubbed  by  the  hands,  it  will  communicate 
a  peculiar  and  disagreeable  odour  to  them :  this  depends  upon  the 
action  of  animal  matter  upon  the  metal.  The  symbol  of  tin  is 
Sn^^ ;  atomic  weight,  1 1 8. 

Compounds — Oxides, — Several  oxides  of  tin  are  described,  but 
the  two  principal  are  the  protoxide  or  stannous  oxide,  and  the 
dioxide,  or  stannic  oxide. 

Stannous  oxide  is  the  base  of  the  salts  of  tin.  It  may  be  pre- 
pared by  adding  an  alkaline  ccurbonate  to  stannous  chloride,  when 
a  chloride  of  the  alkali-metal  is  formed.  Carbonic  acid  escapes, 
and  stannous  oxide  (or  protoxide)  faUs  as  a  white  hydrate.  This 
can  be  rendered  anhydrous,  and  so  preserved,  by  washing  with 
water .  recently  boiled,  and  then  drying  in  a  retort,  but  in  an 
atmosphere  of  carbonic  acid  or  hydrogen.  Thus  a  black,  permar 
nent  powder  is  left ;  but  the  hydrate  will,  in  its  moist  state,  absorb 
oxygen  readily.  It  is  soluble  in  excess  of  caustic  potassa,  if  boiled 
in  it,  but  after  a  few  days  stannic  acid  will  be  produced,  and  some 
metallic  tin  deposited.  Hydrated  stannous  oxide  is  readily  so- 
luble in  acids,  but  the  anhydrous  oxide  not  easily.  Composition 
Sn  0  ;  atomic  weight,  134. 

Dioxide  of  tin,  or  stannic  acid,  is  capable  of  two  chemical 
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modificatioDB,  distinguished  by  the  waj  in  which  these  two  fonns 
will  combine  with  bases;  for  saturation  they  require  di£fere&t 
amounts,  and  stannic  acid  the  largest  Berzelius  describes  this 
oxide  under  the  heads  of  stannic,  and  parastannio  sdda,  which 
have  also  been  later  examined  and  classed  by  Fremy  as  stannic 
and  metastannic  acids.  In  both  these  the  tin  and  oxygen  are  in 
the  ratio  of  i  atom  to  2  :  thus  the  former  is  actually  a  compound 
of  I  atom  of  tin  with  2  of  oxygen,  but  comlnned  with  i  atom  of 
water,  having  «thus  the  formula  H^  Sn  Oj.  But  in  the  latter  5 
atoms  of  tin  are  imited  with  10  of  oxygen,  and  take  10  of  water, 
which  it  retains  if  spontaneously  dried;  the  lR>rmula  for  this 
is  therefore  Suj  0|o,  10  H^  0.  Fremy  states  thai  if  dried  at 
212°  F.=  100°  C.  5  equivalents  of  this  water  will  be  parted  with, 
when  the  formula  wiU  be  H^  Sn^  On,  4  H^  O.  By  a  higher  heat, 
viz.  about  266°  F.  =  130°  C.  another  atom  passes  off;  and,  lastly, 
the  oxide  will  be  rendered  anhydrous  by  ignition. 

The  form  called  stannic  acid  is  prepared  by  precipitating  a 
solution  of  stannic  chloride  by  calcic  carbonate — ^not  in  exoess ; 
thus  a  gelatinous  precipitate  falls,  slightly  soluble  in  water, 
capable  of  reddening  litmus,  and  forming  with  bases  a  class  of  salts 
called  stanriates.  It  is  soluble  in  nitric,  sulphuric,  or  hydrodiloric 
acid. 

The  variety  termed  metastannic  acid  is  the  product  of  the 
ordinary  oxidation  of  tin  by  nitric  acid.  The  white  crystalline 
powder  formed  is  hydrated  metastannic  acid.  It  must  be  washed 
with  cold  water,  and  dried  at  an  ordinary  temperature.  This  also 
has  distinct  acid  properties;  it  reddens  litmus,  combines  with 
bases,  and  so  forms  a  class  of  salts  called  metastannate^  It  is 
insoluble  in  nitric  acid.  Dissolves  in  sulphuric  by  heat.  It 
combines  with  hydrochloric,  but  is  not  dissolved  by  it  As  before 
stated,  if  dried  and  ignited  at  a  dull  red  heat,  it  is  rendered  anhy- 
drous, and  produces  the  yellow  polishing  powder  known  as  *  putty 
powder.*  This  is  much  employed  in  glass  and  porcelain  woi^  for 
furnishing  a  white  enamel,  for  it  vitrifies  very  readily  with  glass 
fluxes.  For  a  white  opaque  porcelain  enamel  it  is  mixed  with 
rather  more  than  its  own  weight  of  felspar,  and  fluxed  on  with  a 
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flux  of  borax,  flint,  and  red-lead.  Ab  an  opaque  enamel,  its  wliita 
colour  m&y  be  tintod  by  admizture  of  other  oxides ;  thue  a  small 
quantity  of  oxides  of  dno  and  iron,  mixed  witb  it,  will  give  a 
browniab  yellow,  or  yellow  brown,  according  to  their  relatiy© 
proportions. 

Chioridta. — Tin  forms  two  compounds  with  chlorine,  much 
used  by  the  dyer  and  caUco-printer,  under  the  names  of  tin  crystals 
or  'salts  of  tin,'  and  'nitro-muriate'  of  tin.  The  former  is  the 
protoohloride  or  stannous  chloride,  and  may  be  prepared  by  dis- 
Btdving  tin  in  hydroohlorio  acid  by  heat  (the  solution  is  slow), 
and  when  action  has  ceased,  it  is  diluted  with  about  four  times  its 
bulk  of  water,  filtered  and  orystaUised ;  thus  prismatic  crystals  ar« 
formed,  which,  on  disBolving  in  water,  will  not,  however,  give  a 
dear  aolutios  without  the  addition  of  some  hydrochloric  acid. 
This  solution  is  largely  used  as  a  deoxidizing  or  reducing  agent ; 
thus,  aa  has  been  already  shown,  it  readily  reduces  salts  of  mer- 
cury, silver,  gold,  and  even  iron.  Uercujy  is  in  this  way  separated 
for  estimation  (see  page  147):  and,  again,  its  action  upon  iron 
salts,  as  also  upon  gold  oompounds,  is  shown  (see  page  z66}.  For 
these  uses  it  may  be  formed  in  solution  ;  but,  if  preserved  as  such, 
some  fragments  of  tin  must  be  kept  in  it,  or  it  will  deposit  a  white 
oiyohloride  and  become  stamiic  chloride.  On  the  large  scale  it  is 
prepared  for  the  calico-printer  by  dissolving  the  tin  in  copper 
vesseb  with  care ;  thus  the  solution  is  accelerated  by  the  voltaio 
action  set  up  between  the  metals,  and  the  copper  b  untouched  as 
long  as,any  tin  is  undissolved.  Stannous  chloride  may  be  got  in 
the  anhydrous  state  by  mizii^  equal  weights  of  tin  fiUngs  and 
mercuric  chloride ;  on  distilling  the  mixture  the  merciiiy  is 
separated,  and  this  protoohloride  is  left  as  a  brilliant  grey  mass. 
Thus,  Hg  CI,  -I-  Sn  sSn  CI,  -I-  Hg.  Composition,  Sn  CU.  Atomic 
weight,  189. 

Stannic  cUwide  is  a  deiue  colourless  Uquid  which  may  be 
obtained  by  distilling  a  mixture  of  one  part  of  tin-filings  with 
four  parts  of  mercuric  chloride.  Or  metallic  tin  may  be  fused  in 
a  retort  (having  a  receiver  attached),  and  dry  chlorine  gas  then 
passed  over  th«  metal,  will  produce  this  chloride  which  condenses 
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in  the  cooled  receiver.  It  may  be  fiirmed  in  adntion  bj  em- 
pb^ing  sUonoTU  chloride,  and  mixing  it  with  twice  the  balk  of 
hjdrrjchloric  add  it  already  eontaina,  and  then  expomng  it  to  the 
Mr  for  a  time ;  or  tin  may  be  at  once  dinolred  in  aqoa  r^^ 
which  flhould  be  foimed  with  rather  an  nnder  qoanlity  of  nitrie 
acid.  This  compound  may  also  be  crystalliaed.  Compoaition, 
Sn  CI,.     Atomic  weight,  160. 

Sulphul«g, — Protoaolphide  of  tin,  or  staxmoaa  snlphide,  is 
formed  like  the  iron  compound,  by  heating  tin  with  snlphnr. 
The  metal  is  heated  somewhat  above  its  fusing  point,  and  gnlphnr 
is  then  thrown  in.  The  mass  obtained  is  pounded,  and  agaia 
heated  with  sulphur  in  a  cloee  veeael,  when  at  last  a  lead  gn^, 
lamellar,  crystalline  compound  ia  obtained.  A  chocolate  brown 
hydrate  is  formed  by  adding  dihydric  sulphide  to  a  eolntioD  of 
a  protosalt  By  heating  this,  it  may  be  rendered  anhydrous. 
Composition,  Sn  S.     Atomic  weight,  15a 

There  is  a  sesquiaulphide,  and  alao  a  disulphide.  The  latter 
is  a  yellow  compound,  formerly  known  as  aunim  mnsiTnm,  and 
obtained  by  mixing  an  amalgam  of  I  z  parts  of  tin  and  6  ofmercuij 
with  6  parts  of  Bal-ammoniac  and  7  of  sulphur.  On  heating  thia 
mixture  in  a  flank,  calomel  and  mercuric  sulphide  sublime,  and  the 
disulphide  of  tin  remains  in  brilliant  yellow  scales.  It  is  nsed  aa 
a  bronzing  powder  by  painters.  Compoaition,  Sn  S^.  Atomic 
weight,  iSz. 

AUoyt. — Tin  readily  forms  on  amalgam  with  mercury,  in  Csct 
it  may  Iw  said  to  dissolve  very  easDy  in  the  latter  metal  The 
chief  uao  of  this  amalgam  is  for  'silvering'  looking-glasses.  This 
operation  is  effected  by  employing  a  large  perfectly  flat  stone 
tabic,  of  the  size  of  the  glass  to  be  amalgamated,  or  larger.  Upon 
this  a  sheet  of  tin-foil  ia  spread  evenly,  and  it  muat  be  without 
the  least  flaw  or  break  in  its  aurfoce,  or  the  latter  will  show  a 
foulty  plase  upon  the  glass.  This  is  neit  covered  with  clean  mer- 
cury, by  pouring  it  on, -and  aproading  it  uniformly  until  it  lies 
alnut  {th  of  an  inch  deep.  The  plate  of  glass  having  been  per- 
fectly cleansed  from  grease  or  impurities  upon  ita  aur&ce,  is  next 
floated  on  to  the  mercury,  commencing  at  one  end  and  sliding  it 
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down  below  the  surface  of  the  metal.  It  is  then  pressed  down  by 
loading  it  considerably,  so  as  to  press  out  all  mercury  which  does 
not  enter  into  the  composition  of  a  solid  amalgam,  and  which 
excess  of  mercury  is  received  to  a  gutter  surrounding  the  stone. 
Lastly,  after  allowing  it  to  rest  for  a  day  and  a  night,  it  is  raised 
by  slow  degrees  upon  its  edge,  whereby  the  remaining  superfluous 
mercury  drains  away.  After  a  few  weeks  it  may  be  framed,  but 
it  is  usual  to  do  so  in  such  a  way  as  that  the  lower  end  from 
which  it  has  drained  shall  come  at  the  bottom  of  the  frame. 

The  refuse  of  this  operation  is  the  cause  of  mercury  occasionally 
getting  into  the  market  contaminated  with  tin. 

Tin  forms  a  hard  but  malleable  alloy  with  silver  in  all  pro- 
portions, condensation  taking  place  by  the  mixture.  It  is  very 
white,  but  very  easily  oxidized. 

With  gold  tin  forms  a  malleable  alloy,  only,  however,  if  the  tin 
be  quite  pure.  Mr.  Alchome  has  shown  that  gold  containing  ^^^th 
of  tin  may  readily  be  rolled,  and  even  coined.  Indeed,  gold  brought 
to  standard  by  qtdte  pure  tin  is  yet  malleable.  The  specific 
gravity  of  this  alloy  in  all  cases  exceeds  the  mean,  and  its  colour  is 
rendered  of  a  paler  yellow  than  gold,  but  with  none  of  the  green 
tint  observable  in  alloys  of  gold  with  silver. 

Berzelius  formed  a  precipitated  alloy  of  tin  and  gold,  in  the 
condition  of  a  blackish  powder,  by  acting  upon  a  concentrated 
solution  of  auric  tri-chloride,  by  one  of  stannous  chloride  in  excess. 
This  was  capable  of  burnishing,  and  of  fusion  into  a  button. 

Tin  in  filings,  heated  with  spongy  platinum  in  equal  proportions, 
forms  a  hard  and  brittle  alloy,  of  a  dark  colour,  and  somewhat 
fusible.  Two  parts  of  tin  to  i  of  platinum  has  the  colour  of  tin, 
but  is  brittle,  and  it  is  not  until  the  tin  is  in  the  prop6rtion  of  1 2 
to  I  that  it  becomes  malleable.  Considerable  evolution  of  heat 
attends  the  heating  of  these  together ;  and  Clarke  states,  that  if 
tin  and  platinum  foils  be  rolled  together  and  heated  before  the 
blowpipe,  combination  takes  place  explosively. 

Tin  forms  a  very  brittle  alloy  with  palladium. 

The  alloys  of  tin  with  lead  constitute  pewter,  and  also  an 
important  class  called  '  solders ;'  and,  in  regard  to  these,  it  may 
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be  remarked  that  mixturea  of  tin  and  lead  are  not  only  more  fusible 
than  tiie  mean  of  their  oonstituenta,  but  they  era  also  harder  and 
ooRBidemblj  tougher.  In  forming  them,  the  lead  should  be  fused 
fint,  aud  then  the  tin  put  in ;  thus  oxidation  of  the  latt«r  is 
diminished  as  much  aa  possible  j  and  this  object  may  be  abo  fiir- 
thered  by  coveriug  the  contents  of  the  melting-pot  with  ohaicoal 
or  anthracite  powder.  When  the  amount  of  tin  rises  a  little  above 
one-third  of  the  mixture,  and  up  to  two  parts  of  tin  to  one  of  lead, 
tlic  alloy  will  throw  out  well-defined  oiraular  spots  upon  its  upper 
surface,  wheu  cast  in  a  sheet.  This  depends  upon  partial  separa- 
tion of  the  components  of  the  alloy  wheu  in  these  proportions ; 
but  as  it  becomes  yet  richer,  the  spotting  gradually  disappeais, 
and  is  as  much  absent  at  last  as  in  an  alloy  ooutaining  below  the 
amount  of  tin  above  mentioned.  Indeed,  this  appearance  aSbrds 
the  plumber  the  indication  of  the  quality  of  solder  he  is  malung. 

Pewter  is  oompoeed  of  four  parts  of  tin  to  one  of  lead.  '  Fine 
Bolder,' of  two  of  tin  to  one  of  lead.  In  'ordinary  solder'  they  are 
in  equal  proportious ;  and  in  '  coarse '  the  weight  of  lead  amounts 
to  twice  that  of  the  tin.     Those  alloys  all  expand. 

The  addition  of  bismuth  to  alloys  of  tin  and  lead  is  found  to 
lower  their  melting  point  in  so  extraordiuaiy  a  degree,  as  to  have 
given  the  name  'fusible  metal'  to  this  triple  alloy.  Some  of 
these  mixtures  melt  at  points  below  ita°  F.  =  loo"  C,  or  the 
heat  of  boiling  water  ;  and  the  proportions  which  will  give  the  most 
fusible  compound  are  two  ports  of  bismuth  to  one  of  lead  and  one 
of  tin ;  and  it  will  be  seen,  upon  considering  the  atomic  weights 
of  the  metals,  that'theae  quantities  will  be  just  about  two  atoms 
of  tin  to  one  of  lead  and  one  of  bismuth.  This  alloy  is  lai^y 
employed  for  taking  costs,  and  its  value  for  this  purpose  is  much 
increased  by  the  fact  of  its  expanding  on  cooling ;  and  hence  giving 
extremely  sharp  and  well-defined  models. 

Tlie  addiliuu  of  cadmium  lowers  the  fusing  point  yet  riots. 
Thus  the  most  fusible  alloy  is  one  composed  of  fifteen  parts  of 
bismuth,  eight  of  lead,  four  of  tin,  aud  three  of  cadmium.  This 
forms  a  silvery  white  granular  alloy  which  becomes  soft  at  IJS°F. 
E  5?°C.,  and  fuses  at  about  145°  F.  ^  63°  C. 
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An  alloy  witbont  tin,  viz.  of  seven  parts  bismutb,  six  of  lead, 
and  one  of  cadmium,  fuses-at  1 80°  F.  =  81°  C.  The  firat  foimulA 
with  tin  is  known  as  Wood's  alloy.  A  little  bismuth  is  usually 
added  to  the  solder  employed  by  pewteran.  A  good  form  for  this 
is  two  parts  tin,  one  of  lead,  and  one  of  bismuth. 

The  solders  employed  for  gold  and  for  silver  may  be  here  con- 
sidered. For  gold  the  basis  is  of  course  fine  gold,  and  the  melting 
point  is  lowered  by  the  addition  of  silver  and  copper.  A  good 
formula  for  general  purposes  is  1 00  parts  gold  to  40  of  silver  and 
30  of  copper.  Silver  solder  is  silv^  alloyed  with  brass,  and  a 
good  one  is  formed  by  melting  6j  parts  of  silver,  and  adding  34 
of  copper,  and  lastly,  1 1  parts  of  sino  ;  but  oare  must  be  taken 
that  the  zinc  is  not  oxidised,  and  thus  shortened  in  proportion  in 
the  alloy.  It  is  better  to  form  this  alloy  &om  the  oonstituetit 
metals,  than  to  use  brass  as  is  sometimes  done,  as  the  composition 
of  the  latter  is  uncertain. 

Tin  alloyed  with  antimony  constitutes  Britannia  metal,  the 
best  varieties  of  which  are  composed  of  tin,  with  just  sufficient 
antimony  to  give  hardness.  For  this  purpose  the  proportions  of 
antimony  may  range  &om  8  to  11  per  cent.  Some  kinds  contain 
also  bismuth,  zinc,  and  copper,  but  these  are  inferior  to  that 
made  from  the  first  fonoula. 

Ad  inferior  kind  is  made  under  the  name  of  '  Queen's  metal.' 
la  ti^s  75  parts  of  tin  are  alloyed  with  Sj  parts  of  antimony,  8 
of  bismuth,  and  S'$  of  lead ;  but  the  use  of  the  latter  metal  is 
always  avoided  in  good  Britannia  metaL 

The  ordinary  kinds  of  type  metal  are  formed  of  lead,  with 
antimony  added  in  such  quantity  as  to  harden  it,  and  enable  it  to 
sustain  the  wear  of  the  press.  Twenty  parts  of  antimony  to  80  of 
lead  form  a  good  alloy,  as  such  lead  fuses  readily,  and  gives  sharp 
oasts ;  but  it  has  been  found  that  if  a  small  amount  of  the  lead 
is  substituted  by  tin,  the  type  is  yet  sharper,  and  resists  wear 
much  better.  For  this  $  per  cent  of  tin  is  found  sufficient. 
Thus  an  excellent  metal  is  formed  of  lead  75,  tin  5,  and  antimony 
20  parts. 

Tin  may  be  oombined  with  copper  in  any  proportion,  and 
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forms  with  it  alloys  known  as  gun,  bell,  and  speculum  metala^ 
or  bronze ;  the  relative  proportions  of  the  constituents  deter- 
mining the  character  and  uses  of  the  alloy.  Bell-metal  is 
formed  in  the  proportion  of  78  parts  of  copper  to  22  of  tin; 
to  these  2  per  cent  of  antimony  is  occasionally  added.  In  gun- 
metal  for  ordnance  purposes  only  10  per  cent  of  tin  is  mixed 
with  90  of  copper ;  but  this  proportion  is  often  exceeded  in  metal 
for  engineering  uses.  Speculum-metal  is  an  exceedingly  hard 
alloy,  capable  of  receiving  a  very  brilliant  surface  by  polishing; 
whence  it  is  employed  for  the  reflectors  of  telescopes.  It  is  some- 
what brittle.  For  the  best  result  the  copper  and  tin  should 
be  in  the  proportion  of  2  to  1,  and  a  little  arsenic  improves 
quality.  Thus  a  good  formula  is, — 6  parts  of  copper,  3  of  tin, 
and  I  of  arsenic. 

Genuine  bronze  is  a  compound  of  copper  and  tin  only,  but 
much  of  this  alloy  contaius  zinc  also,  as  in  the  bronze  coin  of  this 
country,  for  example  (see  Alloys  of  Zinc).  Where  metal  is 
intended  for  the  die-press  a  good  proportion  will  be  93  of  copper 
to  7  of  tin.  This  forms  an  alloy  much  harder  than  copper,  and 
more  fusible.  It  will  resist  oxidation  better,  but  its  hardness 
renders  annealing  necessary  when  it  is  used  for  coinage  purposes. 
With  respect  to  the  method  of  annealing,  the  late  Mr.  Brande,  her 
Majesty's  chief  coiner,  stated  that  tempering,  or  heating  and 
slowly  cooling,  produces  an  effect  directly  opposite  to  that  taking 
place  in  steel,  and  that  it  renders  bronze  quite  hard  and  brittle. 
Therefore  it  is  heated  to  redness,  and  quenched  in  water.  After 
which  it  is  found  to  be  quite  soft  and  workable  imder  the  press  or 
in  the  lathe.  Bronze  is  very  liable  to  have  air-holes  formed  in 
casting ;  and  its  constituents  have  much  tendency  to  separate 
upon  fusion. 

Tin-plate,  of  which  ordinary  tin  vessels  are  made,  is  actually 
iron  coated  with  tin ;  but  in  forming  it,  the  iron  having  its  sur&ce 
thoroughly  cleansed  from  oxide,  is  next  immersed  in  a  bath  of 
melted  tin ;  consequently,  the  clean  iron  surface  will  be  actually 
alloyed  with  the  latter.  The  sheets  are  subsequently  dipped  in 
tin  a  second  time,  after  which  any  excess  deposited  is  removed  by 
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plunging  them  into  a  quantity  of  melted  tallow.    The  superfluous 
grease  is  lastly  removed  by  cleansing  with  bran. 

DiscHmination  of  Tin, — 1.  When  a  tin  compound  is  heated  by 
the  blowpipe  in  the  reducing  flame,  with  a  corresponding  flux,  a 
malleable  globule  of  tin  will  be  afibrded.  The  best  flux  for  the 
purpose  is  one  of  equal  parts  of  borax  and  potassic  cyanide. 

2.  Dihydrio  sulphide  may  produce  a  chocolate-brown  preci- 
pitate in  a  tin  salt,  or  else  a  dull  yellow  one.  If  the  former,  it 
will  show  the  solution  to  have  been  one  of  a  stannous  salt ;  if  the 
latter,  it  will  indicate  the  presence  of  a  stannic  salt.  If  the  solu- 
tion be  alkaline,  precipitation  by  this  reagent  will  be  more  or  less 
hindered  ;  and  again,  it  will  be  prevented  by  an  excess  of  hydro- 
chloric acid  present 

3.  Ammonio-hydrio  sulphide  acts  in  the  same  way  in  each 
case ;  and  the  precipitate  produced  by  this  reagent  is  soluble  in 
an  excess  of  an  alkaline  sulphide. 

4.  Potassa  or  soda  produces  a  white  precipitate,  soluble  in 
excess.  If  the  solution  be  that  of  a  stannous  salt,  a  black  preci- 
pitate will  fall  upon  boiling  the  clear  solution  ;  if  it  be  tiuit  of  a 
stannic  salt,  boiling  will  not  disturb  it. 

5.  Ammonia  throws  down  a  white  precipitate,  insoluble  in 
excess,  if  the  solution  contained  a  stannous  salt,  but  soluble  in 
excess  if  a  stannic  salt. 

6.  Auric  trichloride  is  the  characteristic  test  for  tin ;  in  a  dilute 
solution  it  will  precipitate  the  purple  of  Cassius;  if  the  solution 
be  more  concentrated,  this  precipitate  is  brown  in  colour. 

7.  Potassic  ferrocyanide  precipitates  stannous  salts,  and  the 
white  precipitate  thus  obtained  is  soluble  in  hydrochloric  acid. 

The  estimation  of  the  quantity  of  tin  in  a  compound  is  always 
made  by  converting  it  into  dioxide,  or  metastannic  acid ;  and  in 
this  way  it  may  be  separated  from  nearly  all  other  metals. 
Arsenic  and  antimony  are  exceptions,  and  also  lead,  if  the  solution 
of  the  metals  contain  sulphuric  acid.  To  effect  this  separation,  a 
nitric  acid  solution  is  made,  and  then  evaporated  to  a  veiy  small 
bulk :  by  this  the  dioxide  of  tin  is  thoroughly  separated.  Next, 
any  foreign  metals  are  removed  from  it  by  washing  this  preci- 


pitatfi  veil  with  dilute  nitrio  sdd,  taoA  aftervarda  nith  vtter. 
After  which  it  is  dried  and  ignited,  ao  as  to  lender  the  mete- 
stannic  acid  anbjdroua.  It  ia  laatly  weighed,  and  ereiy  loo  parte 
indicate  78*66  of  tin. 

A  few  eiamplea  may  here  be  giren  of  Uie  aualjaia  <d  ooa- 
pouiids  containing  tin. 

Compounds  of  tin  with  lead  only,  as  solden,  pewter,  and  the 
like,  are  examined  by  taking  an  accurately  weighed  ijuantity  of 
z;  graioB,  or  theretdjout,  and  dissolving  it  in  aomewhat  diluta 
nitric  acid ;  after  heating,  the  tin  will  be  all  ozidiied.  The  liquid 
ia  then  diluted,  and  the  metastannio  acid  filtered  out,  wiahad. 
Ignited,  and  weighed. 

Sulphuric  acid  ia  then  added  in  exoen  to  the  remainiiig 
Bolution  and  waabinga,  and  the  liquid  ia  erapomted  down  to  expel 
the  nitric  acid;  next,  the  plumbic  sulphate  is  filtered  oat  and 
washed,  then  removed  from  the  filter  into  a  porcelain  omciblo ; 
-  the  filter  is  now  burned  over  the  latter,  bo  as  to  add  its  ash  to  the 
lead  precipitate,  after  which  the  crucible  is  heated  ;  and,  lastly, 
the  plumbic  sulphate  weighed,  whence  the  quantity  of  lead  ia 
calculated. 

Fusible  metal,  which  conttuns  bismuth  in  addition  to  tlie 
above,  may  be  analysed  similarly  by  solution  in  nitrio  acid.  Tb^i 
an  excess  of  ammonia  and  a  quantity  of  ammanio-hydrio  sulphide 
are  added :  thus  the  tin  ia  separated,  and  by  digesting  it  for  a 
time  in  a  flask  is  redissolved  as  a  sulphur  salt,  while  the  sulphides 
of  lead  and  bismuth  remain.  These  are  filtered  away  from  the 
clear  liquid,  and  washed  well  with  water  containing  ammonio- 
hydric  sulphide ;  atter  which  they  are  dried,  and  then  separated 
fi^im  the  filter  into  a  porcelain  basin.  To  this  the  filter  ash  ia 
added,  after  burning ;  next  strong  nitric  is  put  upon  this,  00a- 
taining  also  a  httle  sulphuric.  Thus  the  sulphides  are  oxidised  ; 
and  by  treating  them  with  water,  after  having  evaporated  the 
excess  of  acid,  bismutbio  sulphate  will  dissolve  out,  leaving  the 
plumbic  sulphate  ready  for  washing :  this  is  done  by  water  00a- 
toining  a  few  drops  of  sulphuric  acid,  and  afterwards  by  pure 
water.     It  is  then  dried  and  weighed. 
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The  solution  containing  the  bismuth  is  completely  precipitated 
by  ammonic  carbonate.  After  standing  some  time  the  precipitate 
is  separated,  washed,  and  decomposed  by  heating  to  redness  in 
a  porcelain  crucible.  Thus  peroxide  of  bismuth  is  left  for 
weighing. 

Or  supposing  the  fusible  alloy  has  contained  cadmium,  as  in 
the  case  of  Wood's  metal.  The  treatment  of  the  solution  of 
bismuth  and  cadmium  sulphides,  as  dissolved  in  nitric  acid,  con- 
sists in  adding  ammonia.  This  precipitates  the  bismuth  just  as 
by  the  ammonic  carbonate.  But  it  retains  the  cadmiiun  in  solu- 
tion, which  is  then  estimated  as  directed  under  cadmium. 

Lastly,  returning  to  the  sulphur  salt  of  tin,  hydrochloric  acid 
is  added  to  its  solution.  Thus  the  tin  is  separated  as  disulphide ; 
this  is  decomposed  and  oxidized  by  heating  in  a  porcelain  crucible 
with  exposure  to  air,  and  the  oxide  of  tin  remaining  may  then  be 
weighed.  As  most  specimens  of  bronze  contain  zinc,  this  analysis 
will  be  considered  under  that  article. 

An  amalgam  of  tin  may  be  analysed  by  dissolving  a  weighed 
quantity  of  it  in  aqua  regia ;  when  dissolved,  a  small  excess  of 
ammonia  is  to  be  added,  and  then  ammonio-hydric  sulphide,  ako 
in  excess  :  this  is  digested  for  a  few  hours  in  a  covered  flask  ;  the 
result  is  analogous  to  the  one  in  the  analysis  of  fusible  metal 
already  given,  viz.  the  tin  sulphide  will  enter  into  the  formation 
of  a  sulphur  salt  and  will  be  taken  into  solution,  while  the  mer- 
curous  sulphide  remains  undissolved  :  this  is  filtered  out,  washed 
with  water  containing  ammonio-hydric  sulphide,  and  then  the  filter 
dried  at  a  low  temperature  in  a  close  crucible.  The  mercury  may 
then  be  weighed  and  calculated  as  mercurous  sulphide;  but  if 
very  accurate  ^timation  is  desired,  in  place  of  thus  drying,  it 
must  be  digested  in  hydrochloric  acid,  and  chlorine  passed  through 
this  until  all  the  mercury  is  converted  into  chloride.  The  solu- 
tion is  then  filtered,  and  the  mercury  estimated  by  stannous  chlo- 
ride (page  147). 

The  tin  is  estimated  as  in  the  case  of  fusible  metal,  but  in 
both  these  the  crucible  in  which  the  tin  sulphide  is  ignited  should 
have  a  small  piece  of  ammonic  carbonate  held  in  it  at  last,  in  order 
to  separate  any  traces  of  sulphuric  acid  likely  to  remain. 
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ZINO  AND  CADMIUM. 


The  ancient  Greeks  were  acquainted  with  an  ore  called  bj  them 
Cadmia,  and  employed  for  mixing  with  copper  to  form  braaa.  But 
the  actual  separation  of  the  metal  zinc  (or  spelter,  as  it  is  com- 
mercially termed)  from  this  ore  is  an  operation  of  more  recent 
date.  The  ores  worked  are  oxide,  sulphides,  silicates,  and  zincic 
carbonate. 

Red  oxide  of  zinc  is  an  amorphous  ore,  but  occasionally  found 
crystalline.  It  is  obtained  largely  in  New  Jersey,  and  is  shown 
by  Berthier  to  be  comparatively  pure  oxide,  containing  88  per  cent 
zincic  oxide,  the  remainder  being  made  up  of  iron  and  manganese 
oxides.  A  mass  of  this  ore  weighing  1 6,400  lbs.  was  shown  in  the 
Great  Exhibition  of  185 1. 

Blende  is  a  sulphide  of  zinc,  but  it  always  contains  more  or 
less  iron  sulphide.  It  varies  in  colour  and  appearance  according 
to  its  association  :  thus,  when  black,  it  contains  iron  sulphide, 
and  is  termed  black  jack ;  when  of  a  reddish  tint,  and  streaked, 
it  is  mixed  with  plumbic  sulphide.  It  is  at  times  found  brown, 
green,  and  even  yellow.  It  contains  on  an  average  about  62  per 
cent  of  zinc  with  32  of  sulphur,  if  pure  it  should  contain  just  67*03 
per  cent  of  zinc. 

Native  carbonate  or  calamine  is  an  abundant  ore,  not  only  in 
our  country,  but  also  in  Belgium,  Silesia,  and  the  United  States.  It 
contains  about  60  per  cent  zincic  oxide  and  35  carbonic  add. 
This,  also,  is  generally  associated  with  small  quantities  of  iron. 
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'ead,  and  manganese  oxides.   Electric  calamine  is  a  basio  bjdrated 
riilicate. 

The  aeparation  of  the  metal  from  these  ores  is  an  easy  opera- 
tion, and  eapeoially  so  in  the  case  of  calamine  ;  for  zinc  is  so  vola- 
tile that  it  ia  readily  distilled  from  this,  when  previously  mixed 
with  any  carbonaceous  reducing  agent.  But  with  blende  contain- 
ing foreign  Hulphidea,  and  more  pajlicularly  that  of  lead,  it  is 
somewhat  more  difficult,  and  requires  some  twelve  hours'  roasting 
to  drive  off  its  sulphur.  Calamine  is  first  roughly  broken  up,  and 
then  roasted ;  although  this  ore  is  often  reduced  at  once  without. 
The  roasting  drives  off  water  and  oarbonio  acid,  and  during  this 
change  the  mineral  will  generally  beoome  sufficiently  crumbled  to 
powder  very  easily.  This  done,  the  powder  is  next  mixed  with 
half  its  weight  of  small  anthracite  ;  and  the  chai^  for  smelting  is 
frequently  made  up  of  equal  parts  of  calamine  and  roasted  blende, 
after  which  it  is  ready  for  the  reducing  operation.  In  England,  a 
furnace  of  the  construction  shown  in 
the  outline  drawing  has  formerly 
been  much  employed.  It  is  a  kind 
of  kiln,  ofthe  shape  and  build  of  an 
ordinary  glass  working  Aimace ;  in 
the  centre  of  this,  and  raised  upon 
masonry,  is  a  long  fireplace,  running 
from  front  to  back,  on  each  aide  of 
which  is  arranged  a  row  of  three 
very  large  crucibles,  a  a,  often  as 
large  as  4  feet  high  by  a  feet  6  wide, 
and  capable  of  containing  about  3 
cwt.  of  ore,  together  with  the  requi- 
site quantity  of  ooal  for  reducing  it. 
Over  these  pots  a  dome  or  arch  is 
thrown,  d  ;  this  latter  has  a  series 
of  holes  in  it,  one  being  formed  over  each  pot,  which  serves  for 
introducing  the  charge,  luting  the  pots,  &o.,  and  there  is  a  door  in 
the  outer  cone  corresponding  to  each  opening.  Elacfa  pot  ia  per- 
forated at  the  bottom,  and  has  a  short  tube  luted  into  the  opening, 
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OB  shown  in  the  left-hand  pot :  this  U  just  loi^  enongb  to  pua 
through  the  hearth  or  table  on  which  the  pots  stand,  down  into  a 
oool  chamber  below.  Upon  the  floor  <^  this  ia  placed  a  crucible  or 
iron  receiver,  c,  one  under  each  reducing  pot,  and  from  the  short 
tubee  a  long  morable  piece  of  iron  tube,  b,  passes  down  into 
these.  Thus  the  operation  is  one  of  distillation  per  deteaisum, 
wherein  the  volatile  product,  instead  of  rising,  descends  and  con- 
denses in  the  cool  receptacle  placed  below. 

The  charge  of  ore  and  coal  having  been  introduced  into  each 
pot,  the  lida  are  luted  on,  and  the  fire  got  up,  the  long  tubeo,  B, 
being  not  yet  attached  ;  after  a  full  red  heat  has  been  attained 
flame  isBues  at  the  short  tubes ;  at  fint  bliie,  from  the  combustion 
of  carbonic  oiide ;  as  this  oeases,  a  brownish  flame  is  seen,  due  to 
the  combustion  of  the  anociated  and  more  volatile  metal  cadmium, 
as  this  fades  it  becomes  of  a  blQish  whit«  colour,  indicating  the 
combustion  of  zinc,  the  long  tube  oonnoctiog  with  the  under  re- 
ceiver is  then  put  on,  and  the  distilling  metal  will  now  condense 
in  drops,  and  pass  down  the  tubes  into  the  pots  below.  Any  por- 
tion of  the  solid  contents  of  the  crucible  is  prevented  passing  down 
the  tubes  by  first  stopping  them  with  a  plug  of  soft  wood  ;  this, 
becoming  carbonised  by  the  heat,  allows  of  the  free  passage  of  the 
metallic  vapours  through  its  pores.  Sometimes  a  loose  stopper 
of  coke  is  BO  employed.  As  portions  of  the  distillate  pass  in  the 
form  of  powder,  and  also  of  linoic  oxide,  it  is  necessary  to  remove 
the  tubes  occasionally,  and  clear  them  by  means  of  an  iron  rod,  lest 
by  chokitig  explosion  should  be  produced.  The  distillation  will 
occupy  about  36  hours.  About  j  tons  per  week  of  ore  are  treated 
in  one  of  those  English  furnaces,  and  with  an  expenditure  of  about 
I  z  tons  of  coal ;  this  will  produce  about  2  tons  of  rough  metal, 
which  is  lastly  melted,  and  the  oxide  and  impurities  skimmed  off, 
so  ss  to  leave  the  metal  clean. 

The  Belgian  process,  as  used  at  the  Vielle  Montague  Com- 
pany's works,  is  now  carried  out  largely  in  England,  as  also 
elsewhere.  The  ore  worked  in  Belgium  is  a  nkixturo  of  carboiuite 
and  oxide.  This  ia  roasted,  but  in  place  of  using  a  reverberatory, 
as  here,  a  kind  of  kiln  is  employed,  open  at  top,  and  with  a  series 
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of  side  openiDgs,  at  intervals  down,  by  which  the  produota 
evolved  pasB  into  a  flue.  A  high  temperature  is  employed. 
When  the  roasting  is  over,  the  ore  is  ground  and  miied  with  small 
coal,  in  the  proportion  of  a  parts  of  roasted  ore  to  i  of  coaL 
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This  mixture  is  then  distilled  in  long  tubular  retorts  of  fire- 
clay of  about  3  feet  6  inches  long  by  6  to  8  inches  in  diameter ; 
these  are  arranged  with  an  inclination  downwards  to  the  re- 
ceivers, and  in  a  tall  furnace,  in  S  tiers  of  6  each ;  thus,  as  the 
upper  rows  are  farther  from  the  furnace  heat,  which  is  below  all, 
the  most  readily  reducible  ores  are  placed  in  these  upper  ones,  in 
order  to  equalise  the  iste  of  woHung  of  the  tiers,  and  a  further 
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attempt  to  effect  this  is  made  by  putting  larger  charges  in  the 
lower  than  into  the  upper  retorts ;  the  ohaige  for  the  former  is  about 
^  cwt  each.  These  furnaces  are  often  built  so  as  to  work  up  to 
80  retorts  in  each  bank ;  and  four  of  these  are  usually  built  in 
one  block,  with  their  flues  working  together  into  a  divided  shaft, 
but  each  provided  with  its  own  damper.  Condensation  is  effected 
in  two  tubes  to  ea^h  retort ;  the  first  of  iron,  and  of  about  1  foot 
long,  tapers  smaller  towards  a  second,  which  is  yet  more  conical, 
so  that  its  outer  end  is  not  more  than  |  of  an  inch  in  diameter. 

The  charge  is  introduced  into  the  retorts  by  means  of  a  semi- 
cylindrical  shovel.  When  all  are  charged,  and  the  heat  has  well 
got  up,  carbonic  oxide  will  begin  to  biun  at  the  retort  mouths. 
After  this,  the  condensers  being  attached  and  luted  on,  the  zinc 
itself  distils. 

These  condensers  are  removed  every  two  hours  during  working ; 
the  outer  one  contains  zincic  oxide,  which  is  reserved  for  working 
with  a  fresh  charge,  the  inner  one  reduced  zinc,  which  is  raked 
out  into  a  ladle,  and  separated  from  any  oxide,  the  metal  being 
subsequently  cast  into  ingots.  About  1 2  hours  suffice  to  work  a 
charge  of  48  retorts.  When  the  residue  has  been  removed,  and 
the  retorts,  &c.,  cleanly  scraped  out,  a  fresh  charge  is  worked  at 
once.  In  this  operation  about  10  per  cent  of  the  zinc  is  lost,  re- 
maining in  the  residue  as  a  silicate,  from  its  difficulty  of  reduction. 

In  Silesia  the  ores  worked  are  similar  to  the  last ;  they  are 
first  roasted,  and  then  reduced  in  a  retort  somewhat  like  our  gas 

retorts,  being  a  kind  of  muffle  of  about  3 
.  feet  long  by  1  foot  6  inches  high,  but  only 
8  inches  wide ;  they  are  formed  of  a  mix- 
ture of  fire-clay  and  old  broken-up  muffles. 
^^8-  >oo«  After  making  by  hand  they  are  carefully 

dried,  and  then  annealed,  finishing  at  a  good  heat.  The  muffles 
are  supported  throughout  their  length  on  a  muffle-plate.  The 
charge  of  ore  and  carbonaceous  matter  being  put  in  by  an  open- 
ing under  the  condensing  tube  and  luted  up,  the  distillation 
is  commenced,  and  the  vapour  passes  by  a  rectangular  condens- 
ing tube,  and  a  sheet  iron  prolongation  down  into  a  condens- 
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ing  chamber  placed  belovr,  and  in  front  of  the  muffle.  This 
is  covered  by  an  iron  hearth-plate  common  to  all  the  retorts. 
Twenty  are  arranged  in  each  furnace.  Some  other  methods  are 
employed  for  the  reduction  of  Eino,  but  the  above  are  the  chief 
ones,  and  in  all  the  principle  ia  the  game,  viz.  reduction  by  carbon 
and  Hubgequent  distillation. 

The  preparation  of  pure  zinc  is  an  operation  of  some  difficulty, 
but  it  is  one  absolutely  necessaiy  where  one  has  to  be  employed 
for  the  evolution  of  hydrogen,  in  examming  for  the  presence  of 
arsenic  fay  Marsh's  test  (see  page  407) ;  for  ordinary  zinc  is  almost 
uuiverHally  found  to  contain  traces  of  arsenic. 

Maillet  gives  a  process,  in  the  Journal  de  Pharmacit,  which, 
he  says,  yields  zinc  quite  pure,  as  r^ards  arsenic  or  iron.  He 
first  fuses  and  granulates  the  metal  finely,  then  covers  a  crucible 
at  the  Ixittom  with  nitre,  and  next  puts  the  metal  in,  but  mixed 
up  with  nitre ;  lastly,  covering  the  whole  with  another  portion  of 
nitre,  ao  that  the  whole  quantity  of  the  latter  will  thus  amount 
to  one-fourth  the  weight  of  the  ainc  It  is  now  heated  until 
brilliant  combustion  succeeds,  when  it  is  taken  out  of  the  furnace, 
the  slag  removed,  and  the  zinc  poured  out. 

Various  plans  have  been  proposed  for  re-distilling  the  com- 
mercial zinc,  either  in  the  ordinary  way  or  even  in  an  atmosphere 
of  hydn^n ;  but  zinc,  after  distillation,  will  be  found  to  retain 
all  volatile  impurities;  and  hence  the  only  way  U>  obtain  pure 
zinc  is  by  solution,  and  subsequent  separation  of  the  impurities. 

For  this  purpose  the  zinc  may  be  dissolved  in  pure  sulphuric 
acid :  thus  zincic  sulphate  is  formed,  and  an  insoluble  plumbic 
sulphate,  if  that  metal  were  present.  The  solution  ie  diluted 
and  liltered,  and  then  dibydric  sulphide  passed  through  the  clear 
solution  ;  this  will  throw  down  any  arsenic  and  cadmium.  These 
are  to  be  separated,  and  the  liquid  treated  with  ammonic  car- 
bonate  in  excess :  thus  iron  is  precipitated,  and  any  zinc  foiling 
re-dissolved  in  the  excess  of  the  precipitant.  Then  sodio  car- 
bonate is  added  to  the  solution  filtered  fivm  the  iron,  and  the 
zincic  car1x>nate  thrown  down  separated,  washed,  and  dried; 
next,  by  igniting  this  in  a  porcelain  crucible,  pure  zincic  oxide  is 
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obtained,  which  is  to  be  mixed  with  its  own  weight  of  pure 
carbon,  and  distilled  in  a  porcelain  retort.  The  carbon  should  be 
prepared  for  the  purpose  from  loaf  sugar.  Lastly,  if  carbon  be 
present,  aa  it  may  be  by  the  mode  of  reduction,  the  pure  product 
must  be  distilled  a  second  time  in  order  completely  to  separate 
it  from  the  metal 

Miller  recommends  re-dissolving  the  ziucic  carbonate  obtained 
as  above  in  pure  sulphuric  acid,  and  then  decomposing  it  by 
electrolysis. 

Properties. — Zinc  is  a  bluish-white  metal,  having  a  lamellar 
texture  and  crystalline  fracture  ;  indeed,  it  is  crystaUisable  in  long 
six-sided  prisms.  If  hammered  or  rolled,  its  crystalline  texture 
gives  it  much  brittleness  ;  but  it  may  be  extended  into  sheets  by 
careful  rolling  when  he^^ted  to  a  point  between  212*^  and  302®  F^ 
or  100°  and  150°  C,  for  it  is  then  perfectly  malleable,  but  becomes 
again  brittle  at  392*^  F.  =  200*^  C.  Its  specific  gravity  is  7*14.6 
(7-148  Matthiesen).  It  fuses  at  773°  =:  412°  C;  and  when  main- 
tained in  fusion  and  heated  somewhat  above  that  point,  it  bums 
with  a  blue  flame,  and  is  dissipated  as  zincic  oxide.  It  boils, 
according  to  Deville,  at  1904.*^  F.  =  1040°  C.  In  moist  air  this 
metal  soon  becomes  coated  with  a  superficial  coat  of  oxide, 
which  80  closely  covers  it  as  to  protect  the  metal  below  most  per- 
fectly. It  is  readily  soluble  in  nitric,  hydrochloric,  or  sulphuric 
acids,  and  even  in  a  boiling  solution  of  potash.  It  shrinks  very 
little  on  cooling,  and  hence  castings  taken  in  this  metal  have 
peculiar  sharpness,  which  property  is  increased  by  alloying  it  with 
a  little  tin.     Symbol,  Zn.     Atomic  weight,  65. 

Binary  Compounds  of  Zinc, — With  oxygen  zinc  forms  a  prot- 
oxide, or  zincic  oxide,  the  product  of  its  combustion,  and  known 
by  old  writers  as  flowers  of  zinc.  The  usual  method  of  preparing 
this  oxide  consists  in  throwing  granulated  zinc  into  a  bright  red- 
hot  crucible ;  but  it  is  apt  to  be  contaminated  with  particles  of 
metal :  these  may,  however,  be  removed  by  washing.  It  may  be 
obtained  in  a  hydrated  state,  by  dissolving  zincic  sulphate,  and 
precipitating  by  ammonia,  potash,  or  soda ;  but  the  alkali  must 
not  be  in  excess,  or  the  oxide  will  be  re-dissolved.     It  is  a  pure 
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vhite  povder,  which,  by  heating,  turns  yellow,  reBuming  its 
original  colour  upon  cooling.  Composition,  Zd  O.  Atomic 
weight.  Si. 

Zincic  chloride  is  formed  by  diBaolving  the  metal  in  hydro- 
chloric acid,  and  evaporating  to  dtynoss;  hydrogen  is  evolved 
during  solution.  If  the  residue  be  heated  to  redness  in  a  tube,  it 
forma  a  whit«  mass,  which,  if  heat  were  continued,  may  be  readily 
distilled.  This  solid  was  formerly  employed  as  a  caustjc  in  sur- 
gery, under  the  name  of  butter  of  sine.  The  solution  of  the 
metal  in  acid  is  now  much  used,  under  the  name  of  Burnett's 
solution  :  it  is  powerliilly  antiseptic ;  it  should  be  made  with  as 
little  free  acid  as  poasiUe,  but,  under  any  ciroimistanoeB,  it  is 
slightly  acid ;  when  very  strong,  its  concentrated  solution  will 
deposit  portions  of  zincic  ozychloride  on  dilution.  Composition, 
Zn  Cly     Atomic  weight,  136. 

Zincic  sulphide  is  found  native  as  blende,  but  sino  and  sul- 
phur have  but  a  feeble  affinity  for  each  other,  and  henoe  this  com- 
pound cannot  be  formed  by  fusing  the  constituents  together. 
Berthier  formed  it  by  decomposing  anhydrous  lincic  sulpliate,  by 
heating  it  to  redness  in  a  charcoal-hned  crucible :  after  keeping 
up  the  heat  for  an  hour,  he  obtained  a  yellow  crystalline  sulphide. 
Ziuc  salts  are  not  precipitated  by  dihydrio  sulphide,  but  a  whits 
gelatinous  sulphide  is  precipitated  as  a  hydrate  from  neutral  or 
iSkaltne  solutions  of  zinc,  by  means  of  ammonio-hydrio  sulphide 
This  is  soluble  in  acids,  and  is  readily  oxidized  by  the  air.  Com- 
position, Zn  S.     Atomic  weight,  97. 

AUoi/s. — With  mercury  zinc  forms  a  very  brittle  amalgam, 
whatever  be  the  relative  proportion  of  the  oonstituents.  The 
metals  combine  in  the  cold  by  adding  line  filings  to  mercury,  and 
very  readily  when  melted  zino  has  mercury  warmed  and  dropped 
into  it  The  zinc  is  better  cooled  down  to  near  solidification 
before  adding  the  mercury.  Zino  amalgams  may  generally  be 
powdered,  and  this  brittleness  is  shown  even  when  5  parts  of 
mercuiy  are  combined  with  i  of  tine 

Silver  and  siac  form  a  whitish,  malleable  alloy  when  the 
proportions  do  not  exceed  i  parts  of  zinc  to  i  of  silver.     Gold  and 
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zmc  unite,  and  by  addition  of  i  part  of  gcAA  to  2  of  xine  th« 
latter  is  rendered  whiter.  Gold  rendered  standard  b^'  aino  (th&t 
is,  containing  1  to  1 1)  is  of  a  greenish  yellow  colour,  and  l»itde, 
and  has  a  specific  granty  abore  the  mean.  Hellot  atatea  that 
if  I  part  of  gold  be  mixed  with  7  of  sine,  and  heated  strongly, 
the  whole  alloy  Tolatilisea. 

Zinc  oombines  with  platinom,  and  also  with  paUadium,  and 
the  union  in  both  cases  is  attended  with  erolutioD  of  light  and 
heat,  and  hence  oombination  may  be  eflfected  at  a  low  temperature. 
Two  parts  of  spongy  platinum,  with  three  of  zinc,  give  a  blueiah 
white,  hard,  and  brittle  alloy,  which  Aises  easily. 

BerzeUus  girea,  on  the  authority  of  Cooper,  an  alloy  which, 
he  says,  no  much  resemblea  i6-carat  gold  that  it  can  be  employed 
with  advantage  for  ornaments.  Its  composition  is  16  of  copper 
with  7  of  platinum  and  1  of  lino.  The  two  former  are  fused 
under  a  layer  of  charcoal  with  a  flui  of  borax,  and  the  third  is 
then  added,  and  mixed.  It  is  very  malleable  and  ductile,  but  a. 
trace  of  iron  (j^j^)  with  it,  much  impain)  these  qualities.  It  is 
not  attacked  by  ordinary  '  aqua  fortis,'  at  least  if  not  heated  to 
near  boiling.     It  does  not  tarnish  in  air. 

Zinc  and  lead  alloy  in  small  proportion  of  one  or  tbe  other, 
as  they  have  great  tendency  to  separate.  Thus  Matthiesen  has 
shown  that  on  mixing  equal  parts  of  the  metals  and  allowing  them 
to  cool,  they  separate  into  two  layers,  an  upper  alloy  of  zinc 
with  I  1  per  cent  of  lead,  and  a  lower  one  of  lead,  with  1  -6  of 
zinc  retained.  These  alloys  are  maUeable,  but  hard,  and  tbe  zinc 
may  be  distilled  from  them. 

Zinc  and  copper  form  brass,  and  there  are  two  methods  of 
forming  this  useful  alloy.  The  first  is  by  fusing  or  'cementing* 
copper  with  calamine.  This  is  effected  in  crucibles  heated  upou 
the  hearth  of  a  kilu.  The  calamine  is  ground,  and  at  the  same 
time  mixed  with  ground  charcoal  or  coal,  in  the  proportion  of 
70  lbs.  of  calamine  to  30  of  ooal. 

The  crucibles  are  filled  with  this  mixture,  and  for  every  60  Ibe. 
of  it,  4.0  of  rosette  copper  are  forced  down  in  pieces  into  the  pot. 
Heating  is  carried  on  for  nearly  14  hours,  until  fumes  of  zincic 
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oxide  escape  at  the  lutings  of  the  pots ;  the  heating  heing  thus 
prolonged,  and  managed  so  that  the  copper  may  slowly  fuse  at 
about  the  rate  the  zinc  is  being  reduced.  Finally,  the  alloy  formed 
is  poured  from  the  dross  and  cast.  It  contains  about  80  of  copper 
to  20  of  zinc  ;  and  is  employed  in  a  second  melting  wherein  the 
proportions  of  zinc  and  copper  needed  to  give  the  true  brass  com- 
position are  added. 

The  second  method  of  forming  brass  is  by  mixing  the  metals 
zinc  and  copper  in  the  proper  proportions,  but  it  is  usual  to  fuse 
with  them  a  certain  quantity  of  old  brass  equal  to  one-third  of  the 
mixture.  And  in  melting,  a  considerable  quantity  of  carbonaceous 
matter,  as  coal  or  charcoal,  is  put  into  the  pot  to  reduce  any 
oxide  formed.     Without  this,  there  would  be  great  loss  of  zinc. 

Some  care  too  is  requisite  in  fusing  zinc  and  copper  for  brass ; 
for  at  the  time  they  unite  the  temperature  rises  so  much,  that 
almost  explosive  union  takes  place.  If  the  copper  is  melted  and 
the  zinc  added,  it  must  be  at  as  low  a  temperature  as  will  main- 
tain the  copper  in  fusion.  But  in  the  ordinary  way  when  old 
brass  is  employed,  that  is  put  in  the  bottom  of  the  pot  and  upon 
it  zinc,  copper,  and  powdered  coal  in  alternate  layers,  finishing 
with  a  good  layer  of  coal.  Fusion  and  alloying  then  take  place 
after  about  four  hours  of  heating. 

The  colour  of  brass  is  a  golden  yellow,  and  it  should  have  a 
clean  fine-grained  fracture.  With  a  very  small  quantity  of  zinc, 
copper  is  rendered  of  a  paler  red,  and  it  gradually  passes  to  yellow 
as  the  quantity  is  increased,  becoming  brightest  when  the  metals 
are  in  equal  proportions.  The  best  brass  is  formed  by  union  of 
2  atoms  of  copper  to  i  of  zinc,  or  64  per  cent  of  the  former  to  about 
36  of  the  latter.  Brass  of  75  parts  of  copper  to  25  zinc  fuses  at 
1750^=  954*4^  ^'t  ^^^  ^^^  larger  the  amount  of  zinc  the  more 
fusible  the  product  A  small  quantity  of  lead  in  brass  will  injure 
its  wire-drawing  qualities,  but  about  2  per  cent  much  improves  its 
working  in  the  lathe,  by  diminishing  its  toughness.  For  wire- 
drawing, fine  or  *  virgin'  brass  is  used.  It  is  cast  into  ingots  of 
2  feet  long  and  3  inches  by  f  inch  in  section.  These  are  rolled, 
and  then  slit  up  by  a  circular  saw  into  square  lengths  of  about 
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I  inch  each  way.  The  squares  are  drawn,  and  after  rounding,  the 
wire  when  drawn  fine  enough  is  wound  on  a  drum,  of  about  2  feet 
diameter,  and  drawn  at  pretty  quick  speed. 

A  little  tin  increases  the  hardness  of  brass.  When  the  zinc 
is  in  excess,  it  becomes  very  brittle,  and  the  most  brittle  kind  is 
that  composed  of  2  atoms  of  zinc  with  1  of  copper.  Ordinary 
malleable  brass  is  also  rendered  brittle  by  heating  or  annealing, 
and  old  brass  wire  will  at  times  become  perfectly  brittle  from  having 
assumed  quite  a  crystalline  state  internally.  Brass  may  be  much 
hardened  and  condensed  under  the  hammer.  Its  great  mallea- 
bility is  shown  in  Dutch  metal,  which  is  merely  brass  with  a 
lazge  proportion  of  copper,  and  which  beats  into  leaf,  not  much 
thicker  than  ordinary  gold  lea£ 

What  is  known  as  mosaic  gold  is  actually  a  good  form  of 
brass  :  it  is  made  by  fusing  equal  weights  of  copper  and  zinc,  and 
then  adding  zinc  by  degrees,  until,  passing  through  various  tints 
of  yellow,  red,  and  purple,  the  fused  alloy  is  quite  white.  This 
assimies  the  coloiu-  of  fine  gold  upon  cooling,  and  preserves  an 
unoxidized  bright  surface.  Pinchbeck,  Manheim  gold,  Similor, 
Bath  metal,  and  Prince  Rupert's  metal,  are  all  brass  of  various 
compositions,  and  are  employed  for  ornamental  uses. 

Muntz's,  Sterro,  Gedge's,  and  Aich's  metals  are  all  similar  alloys, 
but  employed  for  lazger  work.  The  first,  containing  a  large  per- 
centage of  zinc,  is  much  used  for  ship-sheathing  in  place  of  copper. 
By  heating  it  becomes  quite  malleable ;  its  cost  is  much  less  than 
copper,  and  it  does  not  foul  so  much ;  its  composition  ordinarily 
is,  60  copper,  40  zinc,  and  about  75  to  i  of  lead. 

Gedge's  alloy  is  very  similar,  but  in  place  of  lead  contains 
1*8  per  cent  of  iron,  and  Sterro  metal  about  twice  that  percentage 
of  iron,  and  also  about  i  *5  of  tin.  The  first  is  a  very  ductile  and 
malleable  alloy,  especially  when  heated,  and  the  second  very 
tough.  Aich's  metal  is  60  copper,  38  to  40  zinc,  and  1*8  to  3  of 
iron. 

Two  parts  of  brass  to  i  of  zinc  form  the  best  solder  for 
brass. 

Pure  bronze  has  already  been   described  (page   506),    but 
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much  bronze  contains  zinc  also.  In  onr  coin  the  quantity  is 
small,  for  it  is  a  compound  of  95  parts  of  copper  with  4  of  tin, 
and  only  i  of  zinc.  But  in  some  of  the  old  Roman  bronzes  the 
proportion  is  so  large  that  they  become  really  brass.  Church  (in 
the  Cliem,  Soc,  Jour,  for  1865,  vol.  xviii.  p.  215)  gives  the  four 
analyses  of  these  bronzes,  here  transcribed : — 


I. 

1. 

3- 

4. 

Copper 

%^'^^ 

84-90 

Copper 

•        • 

86-49 

88-19 

Zinc  with  a  little 

Tin 

•        . 

6-76 

3-64 

Iron 

14-70 

13-00 

Zinc 

•        . 

«*44 

9*13 

Tin     .        .        . 

236 

1-03 

Lead 

.       • 

441 

0-0 

Lead  anil  imparities 

o-o 
101-33 

1-07 

Loss  and 

Oxygen 

-90 
100*00 

0-0 

100*00 

100*96 

No.  1  was  of  a  beautiful  rich  gold  colour,  and  quite  untar- 
nished when  the  earth  was  washed  off  it ;  this  and  No.  2  were  dug 
from  the  Main  Drainage  Works  in  London.  Nos.  3  and  4  were 
portions  of  armlets,  No.  3  having  been  broken,  and  mended  at  the 
period  of  its  use,  showing  the  injurious  effects  of  lead  in  such 
alloys. 

The  alloys  known  as  nickel  silver,  or  German  silver,  as  also 
the  Chinese  pakfong  and  tutenag,  are  formed  of  copper  with  nickel 
and  zinc  :  a  very  good  quality  is  made,  according  to  Miller,  by 
51  parts  of  copper  with  30*6  zinc,  and  18*4  nickel ;  this  is  in  the 
ratio  of  Cu  5,  Zn  3,  and  Ni  2  atoms.  But  if  the  zinc  is  in  any 
large  proportion  above  the  amount  of  nickel,  the  alloy  becomes 
yellowish  and  brassy.  Where,  however,  it  is  intended  for  electro- 
plating, for  which  purpose  it  is  now  very  extensively  manufactured, 
the  proportion  of  nickel  may  be  low  as  in  the  formula  just  given. 
The  analysis  of  the  better  and  whiter  metal  is  given  at  No.  1  in 
the  table  following ;  No.  2  is  an  excellent  one  of  pakfong ;  No.  3 
is  tutenag ;  No.  4  an  alloy  of  German  silver  for  rolling ;  and  lastly, 
for  casting,  No.  i  would  be  used,  but  with  about  three  per  cent 
lead  added. 


522  ziNO. 


I. 

2. 

3- 

4- 

Copper 

50 

40-4 

457 

6o-o 

Nickel 

25 

31.6 

17-4 

20-0 

Zinc 

*5 

^S*4 

369 

ZO'O 

Iron 

00 

2-6 

00 

o*o 

lOO'O  100*0  lOO'O  lOO'O 

In  forming  German  silver  the  copper  and  nickel  must  be  first 
melted,  and  then  the  zinc  added  to  prevent  oxidation  of  the  latter 
as  far  as  possible ;  but  the  infusibility  of  the  nickel  necessitates 
the  use  of  a  rather  high  temperature,  and  hence  much  loss  of 
zinc ;  this  should  be  compensated  for  as  far  as  can  be  calculated 
in  making  the  mixture.  Sometimes  the  materials  are  arranged  in 
layers  in  the  crucible,  as  in  brass  casting,  and  covered  with  a 
good  layer  of  carbon.  The  alloy  must  be  well  stirred  before  pour- 
ing, with  a  porcelain  stirrer.  It  has  a  crystalline  structure,  and 
before  rolling  it  must  be  well  annealed,  so  as  to  overcome  this  as 
completely  as  possible.  A  good  solder  for  German  silver  is  formed 
of  4  parts  of  ordinary  nickel  silver  with  5  of  zinc. 

Iron  may  be  superficially  coated  with  zinc,  as  readily  as  by 
tin.  Such  a  manufacture  is  now  very  largely  carried  on,  for  pro- 
ducing what  is  known  as  galvanised  iron.  This  is  effected  by 
first  well  cleaning  the  surface  of  the  iron,  and  then  plunging  it 
into  a  bath  of  fused  zinc,  the  latter  being  kept  covered  with  sal- 
ammoniac,  in  order  to  prevent  oxidation,  as  also  to  dissolve  any 
oxide  of  zinc  formed.  The  process  was  at  first  carried  on  by  depo- 
siting the  metal  by  galvanic  agency ;  hence  the  name :  and  the 
author  as  a  pupil,  remembers  accompanying  the  late  Prof.  Daniell 
to  see  the  operation  so  carried  on  upon  the  large  iron  chains  for 
Hungerford  Bridge,  now  the  Clifton  Suspension  Bridge.  But 
although  iron  is  easily  covered  with  zinc  by  the  battery,  the  me- 
thod first  described  is  now  always  practised  instead. 

Zinc  and  tin  will  readily  alloy,  and,  when  combined  in  equal 
proportions,  form  a  white  hard  alloy,  which  may  be  worked  as 
readily  as  brass.  It  is,  however,  not  very  ductile  and  malleable, 
but  sonorous  and  hard. 
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Biscrimination  0/  Zinc, — i.  By  heating  a  zinc  compound  in 
the  blowpipe  reducing  flame  on  charcoal,  the  metal  will  be  re- 
duced, and  bum  evolving  fumes  of  zincic  oxide.  If  a  zinc  com- 
pound be  moistened  with  a  drop  of  cobaltic  nitrate,  and  heated 
in  the  oxidizing  flame,  the  mass  will  assume  a  pale  green  colour 
without  fusion,  this  is  a  compound  of  zincic  and  cobaltic  oxides. 

2.  Dihydric  sulphide  gives  no  precipitate  if  the  solution  be 
acid,  if  neutral,  or  acidulated  by  acetic  acid,  the  zincic  sulphide  is 
precipitated. 

3.  Ammonio-hydric  sulphide  throws  down  a  white  curdy  sul- 
phide from  an  alkaline  solution,  but  it  will  be  slightly  coloured 
if  the  zinc  compound  contains  traces  of  other  oxides.  The  zincic 
sidphide  is  insoluble  in  acetic,  but  soluble  in  hydrochloric,  nitric, 
or  dilute  sulphuric  acids. 

4.  Alkalis  and  their  carbonates  give  white  precipitates  :  with 
the  former,  these  are  of  oxide,  and  soluble  in  excess  of  the  pre- 
cipitant ;  with  the  latter,  they  are  carbonates,  and  the  one  pro- 
duced by  ammonic  carbonate  is  soluble ;  the  other  two  not  so. 

5.  Potassic  ferrocyanide  gives  a  white  precipitate. 

Zinc  is  always  weighed  as  oxide,  which  is  calculated  as  con- 
taining 80*24  per  cent  metal  It  must  be  precipitated  by  potassic 
carbonate,  added  in  sufficient  quantity  to  decompose  any  ammo- 
niacal  salts  if  present,  as  such  would  prevent  the  precipitation  of 
the  zincic  carbonate.  The  whole  is  evaporated  to  dryness,  then 
hot  water  added,  boiled,  filtered,  and  the  zinc  salt  washed,  ignited 
to  drive  off  the  carbonic  acid,  and  weighed. 

If  thrown  down  as  sulphide,  after  allowing  ample  time  for  sub- 
sidence, the  precipitate  is  filtered,  washed  and  dissolved  in  hydro- 
chloric acid,  from  which  it  is  precipitated  by  potassic  carbonate  as 
before. 

Some  analyses  may  here  be  given,  illustrative  ef  its  separa- 
tion when  combined  with  other  metals. 

Brass  is  analysed  by  dissolving  a  quantity  of  about  50  grains 
in  somewhat  dilute  nitric  acid.  The  solution  is  evaporated  to 
dryness,  and  the  residue  dissolved  in  a  small  quantity  of  dilute 
sulphuric  acid.     If  the  alloy  contains  lead,  it  will  separate  as  an 
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insoluble  sulphate  by  this  treatment,  and  may  be  filtered  out  and 
weighed.  To  the  clear  solution  water  is  added,  and  then  am- 
monia to  neutralisation,  and,  next,  portions  of  solid  hydrate  of 
potassa  until  the  liquid  loses  its  blue  colour.  It  should  be  in 
slight,  but  care  should  be  taken  that  it  is  not  in  too  great  exoeaa 
The  cupric  oxide  thus  thrown  down  is  washed  with  hot  water, 
ignited,  and  weighed.  Lastly,  from  the  clear  solution  and  wash- 
ings, the  zinc  is  separated  by  ammonio-hydric  sulphide,  and  the 
zincic  sulphide  resulting  converted  into  oxide  as  above  directed. 

For  the  analysis  of  bronze  it  is  also  to  be  dissolved  in  tole- 
rably strong  nitric  acid  :  thus  the  tin  is  converted  into  insoluble 
peroxide  (metastannic  acid),  any  large  excess  of  acid  is  evaporated 
off,  and  the  remaining  solution,  rendered  dilute,  is  to  be  separated 
from  the  metastannic  acid  by  filtration ;  the  latter  is  then  esti- 
mated as  described  at  page  507.  The  dear  solution  is  next 
treated  with  dihydric  sulphide,  and  the  precipitated  cupric  sul- 
phide examined,  and  its  metal  estimated  as  detailed  at  page  382. 
Lastly,  the  solution  filtered  from  the  cupric  sulphide  is  to  be 
evaporated  to  dryness,  and  the  zincic  nitrate  left,  heated  to  red- 
ness in  a  platinum  capsule :  thus  it  will  be  resolved  into  zincic 
oxide,  which  may  be  weighed. 

If  the  bronze  be  composed  of  tin  and  copper  alone,  it  is  dis- 
solved and  the  tin  estimated  as  just  described ;  but  the  copper 
present  is  then  ascertained  by  evaporating  down  the  acid  solution, 
and  re-dissolving  in  water,  and  subsequently  precipitating  the 
copper  as  oxide  by  potassa. 

But  the  zinc  is  generally  under-estimated  by  the  above  plan, 
as  a  small  portion  of  it  is  apt  to  be  carried  down  by  the  cupric 
sulphide ;  and,  indeed,  where  zinc  is  in  small  relative  proportion 
(as  in  our  new  bronze  coinage,  for  example,  where  the  quantity  of 
zinc  only  amounts  to  1  per  cent,  the  alloy  being  of  95  of  copper 
with  4  of  tin  and  1  of  zinc),  it  is  better  to  estimate  the  latter  by 
a  dry  operation  :  hence  in  the  chief  assay  office,  at  the  Mint,  the 
plan  adopted  is  to  take  a  second  quantity  of  the  bronze,  and,  after 
mixing  it  with  exactly  twice  its  weight  of  pure  tin,  enclosing  it  in 
a  small  porous  carbon  pot,  furnished  with  a  cover.     This  is  then 
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luted  up  in  an  ordinary  covered  crucible,  and  strongly  heated  in 
an  assay  muffle  for  about  8  hours :  by  this  means  the  metal  is  so 
distributed  by  the  tin,  that  the  small  proportion  of  zinc  volar 
tilizes ;  then,  after  removing  the  resulting  button  when  cold,  the 
loss  it  has  suffered  is  assumed  to  be  due  to  zinc  driven  off. 

In  analyzing  German  silver,  the  alloy  is  first  dissolved  in  nitric 
acid,  and  evaporated  so  as  to  drive  off  some  of  the  acid  in  excess  ; 
after  this  it  is  lai^gely  diluted,  and  dihydric  sidphide  passed  in ;  the 
copper  is  thus  precipitated  as  sulphide,  and  estimated  as  at  page 
382.  The  liquid  and  washings  separated  firom  the  cupric  sulphide 
are  next  boiled,  and  evaporated  for  concentration,  and,  while  still 
in  the  boiling  state,  sodic  carbonate  added,  which  throws  down  the 
oxides ;  these  are  washed,  dried,  and  mixed  with  3  parts  of  sul- 
phur and  the  same  quantity  of  potassic  carbonate,  and  the  mixture 
fused  to  thorough  incorporation  in  a  porcelain  crucible.  After 
allowing  it  to  cool,  it  is  digested  in  water,  and  thus  the  potassium 
sulphide  formed  is  dissolved,  leaving  a  mixture  of  sulphides  of  zinc 
and  nickel.  This  is  extracted  by  hydrochloric  acid,  which  will 
dissolve  out  the  zincic  sulphide  and  leave  the  nickel  sulphide. 
The  latter  is  to  be  oxidized  by  digestion  in  nitric  acid,  the  mixture 
diluted,  filtered,  and  the  nickel  precipitated  as  oxide  by  means 
of  potassa  (see  page  490).  Lastly,  the  zinc  is  separated,  and 
estimated  as  oxide  by  means  of  potassic  carbonate,  as  already 
described. 

Cadmium. 

This  metal  is  quite  of  recent  discovery,  dating  as  short  a  time 
since  as  the  year  1818,  and  made  known  about  the  same  time  by 
two  chemistd  separately^  viz.  Stromeyer  and  Hermann.  It  is  an 
associate  of  zinc,  although  differing  firom  it  in  many  properties, 
and,  as  it  is  obtained  chiefly  from  the  calamine  and  blende  ores  of 
zinc,  or  from  the  silicate,  was  no  doubt  always  worked  into  the 
zinc  in  early  times.  In  these  ores  its  amount  varies  fi-om  1  to  5 
per  cent  There  is,  however,  a  native  cadmic  sulphide  known  as 
Greenockite,  and  found  at  Bishopstown,  Renfi:«wshire. 

Stromeyer's  method  of  obtaining  the  metal  was  a  wet  one. 
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He  first  dissolved  the  zinc  ore  in  dilute  sulphuric  acid,  supersatu- 
rating it  by  the  solvent;  the  liquid  was  then  precipitated  by 
dihydric  sulphide,  and  the  sulphide  obtained  washed  and  dissolved 
in  hydrochloric  acid,  the  excess  of  the  latter  being  afterwards 
expelled  by  evaporation.  Amnionic  carbonate  was  next  added, 
and  the  cadmium  thrown  down  as  a  carbonate.  The  carbonic  acid 
was  driven  off  from  this  by  heating  it  to  redness ;  then,  on  mixing 
the  oxide  obtained  with  well-burned  lamp-black,  and  distilling  the 
mixtiire  from  an  earthen  retort,  the  cadmium  readily  distilled 
over.     This  is  an  excellent  process. 

A  dry  method  of  obtaining  it  is  now  used  at  the  Silesian 
works. 

In  distilling  zinc,  as  already  stated  (p.  512),  the  cadmium 
first  comes  over  as  a  yellowish  brown  smoke.  This  substance  is- 
concentrated  by  heating  in  a  muffle  to  which  an  iron  receiver  is 
attached.  The  temperature  is  kept  moderate,  thus  a  certain 
quantity  of  zinc  is  separated,  and  condenses  in  the  receiver,  while 
the  cadmium  smoke  is  deposited  in  the  lower  part,  and  is  now 
of  a  brown  colour.  This  is  removed  and  distilled  with  a  quantity 
of  powdered  coal  (about  one-tenth)  in  a  small  iron  retort ;  thus 
the  metal  is  reduced  and  distils  over  into  the  receiver,  whence  it 
is  removed  and  cast  into  ingots  or  small  round  rods.  It  may 
readily  be  distilled  on  the  smaller  scale,  from  a  glass  or  porcelain 
retort 

Properties. — The  coloiu*  of  cadmium  is  white,  somewhat  be- 
tween tin  and  zinc  in  shade.  It  is  not  quite  so  soft  as  tin, 
although  soft  and  flexible,  crackling  somewhat  as  tin  does  in 
bending.  Its  fracture  is  fibrous,  it  crystallizes  readily  in  octo- 
hedra ;  it  may  be  drawn  into  fine  wire,  and  also  beaten  very  thin. 
Its  surface  will  receive  a  good  polish,  which  is  not  oxidized  very 
quickly  by  exposure  to  air.  It  fuses  at  442^  F.s227'8  C,  and  at 
a  stronger  heat,  viz.  at  680°  F.ss  360^  C,  volatilizes  and  distils. 
If  a  crucible  be  made  red-hot,  and  the  granulated  metal  thrown 
into  it,  it  bums  like  zinc,  but  with  a  brown  flame,  the  colour 
being  dependent  upon  the  formation  of  brown  fumes  of  oxide. 
Cadmium  is  readily  soluble  in  dilute  sulphuric,  or  in  hot  hydro- 
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chloric  acid,  with  evolution  of  hydrogen,  and  it  is  also  quickly 
dissolved  by  nitric  acid,  which  is  its  best  solvent.  As  already 
stated,  when  cadmium  is  added  to  any  fusible  alloy,  the  melting 
point  is  further  lowered  to  an  extraordinary  extent.  This  is  one 
of  the  chief  uses  of  the  metal,  a  second  being  for  the  production  of 
a  beautiful  yellow  sulphide,  used  by  artists  for  painting  purposes. 
Its  specific  gravity  is  8*69  ;  symbol,  Cd". ;  atomic  weight,  1 1 2. 

Cadmic  oxide  may  be  obtained  by  decomposing  cadmic  nitrate 
by  heat,  or  it  may  be  precipitated  as  a  hydrate  from  the  solution 
of  a  cadmic  salt  by  potassa.  If  thrown  down  by  ammonia,  the 
precipitate  is  re-dissolved,  and  ammonia  will  dissolve  even  the 
anhydrous  oxide.  This  hydrate  is  a  white  powder,  which  will 
absorb  carbonic  acid  from  the  air.  At  a  red  heat  it  loses  its 
water,  and  becomes  of  a  yellowish-brown  colour.  It  may  be  de- 
oxidized by  charcoal  at  a  low  red  heat.  Its  composition  is  Cd  0 ; 
atomic  weight,  128.  There  is  a  chloride  corresponding  in  com- 
position. 

Cadmic  sulphide.  This  compound  is  precipitated  in  yellow 
flakes  when  a  salt  of  the  metal  has  dihydric  sulphide  or  ammonio- 
hydric  sulphide  added  to  it.  When  thoroughly  washed  and 
dried,  it  forms  a  valuable  colour  to  the  artist,  as  it  is  safely 
combined  with  other  pigments.  It  is  of  a  fine  yellow,  inclining  to 
orange.  Cadmic  sulphide  is  formed  with  much  difliculty  by 
fusing  the  proportionals  of  metal  and  sulphur  together,  but 
easier,  by  employing  the  oxide  in  place  of  the  metal.  Compo- 
sition, CdS;  atomic  weight,  144. 

Alloys, — With  mercury  cadmium  forms  a  somewhat  brittle 
amalgam,  which  is  crystallo-granular  in  texture;  78  of  cadmium 
may  be  combined  with  22  per  cent  mercury,  at  ordinary  tempe- 
ratures. The  alloys  formed  with  other  metals  are  generally 
brittle,  and  in  the  case  of  copper  a  very  small  proportion  of 
cadmium  will  render  it  completely  so. 

Tests  f(yr  CadmtunL — Dihydric  sulphide  throws  down  a  yellow 
sulphide  from  acid  solutions :  this  distinguishes  between  this 
metal  and  zinc.  This  sulphide  is  insoluble  in  alkaline  sulphides, 
also  in  ammonia,  or  in  potassic  cyanide ;  but  in  boiling  in  dilute 
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Bolphuric  acid  it  is  dissolved.     The  first  reaction  distinguishes  it 
from  arsenic. 

2.  Ammonio-hydrio  sulphide  precipitates  a  similar  sulphide, 
insoluble  in  excess. 

3.  The  alkalis,  potash,  soda,  and  ammonia,  throw  down  the 
oxide  of  cadmium  as  a  white  hydrate,  soluble  in  the  latter,  but 
insoluble  in  the  two  former  reagents. 

4.  Ammonic  carbonate  produces  a  white  precipitate,  insoluble 
in  excess :  in  this,  again,  it  differs  from  zinc,  as  the  white  pre- 
cipitate so  produced  in  a  zinc  salt  is  perfectly  soluble  in  excess  of 
the  precipitant.  The  precipitate  jGeJls  but  slowly  from  dilute 
solutions. 

Cadmic  salts  are  reduced  before  the  blowpipe,  and  if  exposed 
on  charcoal,  and  with  a  little  sodic  carbonate  to  the  reducing 
flame,  the  metal  is  reduced,  but  volatilizes;  and  in  passing 
through  the  flame  oxidizes  and  is  deposited  as  a  ring  of  brown 
oxide  upon  the  charcoaL 

The  estimation  of  cadmium  is  always  made  by  precipitating  it 
as  a  sulphide  by  means  of  dihydric  sulphide.  But  it  is  occa- 
sionally estimated  as  oxide. 
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ALUMINIUM. 


In  the  third  division  of  base  metals,  the  only  one  remaining 
to  be  considered  is  Aluminium.  Its  oxide  or  alumina  is,  perhaps, 
of  all  others,  the  most  universally  distributed  body  upon  the 
earth's  surface.  It  is  the  base  of  all  clays,  and  the  bulk  of  the 
various  soils  is  made  up  of  varying  proportions  of  it,  with  other 
earthy,  saline,  and  organic  matters. 

Where  the  isolation  of  metals  of  this  kind  has  been  effected, 
it  has  been  by  the  agency  of  some  other  one,  whicli  has  a  yet 
more  powerful  aflMty  for  the  oxygen  or  other  metalloid  combined 
with  the  former :  as,  for  example,  by  employing  potassium  or 
sodium,  whose  vapour,  passed  over  some  heated  binary  compound 
of  the  metal  sought,  decomposes  it  and  sets  the  metal  free.  Most 
of  them  have  been  obtained  by  means  of  the  powerful  decomposing 
effects  of  the  voltaic  current. 

Aluminium  is  the  only  one  of  its  division  which,  up  to  the 
present  time,  has  received  any  useful  application,  and  this  but 
for  the  manufacture  of  alloys  and  of  ornamental  articles  ;  and  in 
the  laboratory  it  has  also  been  used  for  forming  small  weights, 
on  account  of  its  low  specific  gravity  giving  them  considerable 
size,  and  thus  rendering  them  easy  to  handle.  Its  preparation 
was  first  carried  out  by  Wohler,   about  the   year    1827,   who 

MM 


S30  ALumHim. 

obtaiued  it  by  the  action  of  potassiom  npon  alomitiic  chIorid&  Ha 
placed  a  small  quantity  of  the  former  at  the  bottom  of  a  platinum 
crucible,  and  covered  it  with  the  chloride ;  then,  after  fixing 
down  a  cover  with  some  wire,  the  vessel  was  heated  up  alowlj  at 
first,  but  afterwards  strongly ;  and  after  the  violent  action  which 
occurs  was  over,  the  orucible,  with  its  contents,  being  placed  in  a 
vessel  of  perfectly  cold  water,  the  soluble  residues  dissolved  ou^ 
and  left  the  aluminium  as  a  grey  metallic  powder. 

Of  late  years  this  method  has  been  so  modified  and  perfected 
by  Deville,  that  the  preparatiun  of  the  metal,  based  on  hia 
method,  is  carried  on  upon  a  very  la^  scale  by  Mesars.  Bell,  of 
Newcastle.  He  employs  the  annlogoua  metal  sodium,  which  ia 
prefbmble,  on  account  of  its  lower  atomic  weight,  and  easier  pre- 
paration OB  compared  with  potasaium.  lu  working  upon  a  small 
quantity  (up  to  about  half  a  pound  of  chloride)  he  operates  as 
follows  : — Placing  the  aluminio  chloride  in  a  large  tube  of  re- 
fractory potash  glass,  he  arranges  the  tube  so  as  to  adn-.it  of 
heating  it  strongly,  and  at  the  same  time  passing  a  current  of 
diy  pure  hydrogen  gas,  free  from  air,  through  it.  The  tube  then 
being  first  gently  heated  and  a  steady  current  of  gas  kept  up  over 
its  contents,  a.  quantity  of  sodium,  perfectly  dried  from  naphtha, 
and  amounting  to  about  200  grains,  is  put  in,  contact  with  the 
chloride  being  prevented  by  the  sodium  being  contained  in  small 
porcelain  boats  or  trays,  these  being  placed  in  the  upper  end  of 
the  tuba,  which  is  shghtly  inclined.  Next  the  sodium  is  heated 
so  as  to  fuse  it ;  after  which  the  lower  part  of  the  tube  is  heated 
80  as  to  sublime  the  aluminic  chloride,  the  vapour  of  which,  on 
contact  with  the  fused  sodium,  is  decomposed,  and  its  metal 
deposited  in  the  trays,  but  mixed  with  undecomposed  chloride, 
and  also  with  the  sodic  chloride  formed.  At  the  close  of  the 
operation  the  tube  is  cooled,  the  trays  removed,  and  their  contents 
again  fused  in  an  atmosphere  of  hydrogen,  and  afterwards  in  a 
crucible,  when  the  metal  is  found  to  subside  below  the  mixed 
chlorides,  and  nuiy  be  removed  in  a  button. 

The  inclination  given  to  the  tube  is  in  order  to  prevent  the 
aluminic  chloride  running  down  upon  the  sodium,  whence  such 
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violent  action  would  arise   as  to  produce  a   heat  which  would 
fracture  the  tube. 

Messrs.  Bell  carry  out  the  operation  on  the  bed  of  a  reverber- 
atory  furnace.  They  work  upon,  sodio-aluminic  chloride,  i  o  parts 
of  this  are  mixed  with  5  of  cryolite,  or  of  fluor-spar,  both  in  powder, 
and  with  these  2  parts  of  metallic  sodium  in  small  pieces,  or 
ingots.  On  heating,  the  whole  mass  liquefies,  and  violent  action 
takes  place.  The  furnace  is  kept  as  close  as  possible  to  prevent 
influx  of  air.  Action  being  over,  the  charge  is  run  out,  and  the 
aluminium  subsides  in  the  slag  ;  but  from  the  low  specific  gravity 
of  the  metal,  it  is  rather  apt  to  retain  portions  of  slag.  The  slag 
is  a  mixed  one  of  sodic  chloride  and  aluminic  fluoride,  the  latter 
constituting  a  bottom  layer  in  the  mixture.  The  sodio-aluminic 
chloride  used  is  prepared  from  the  mineral  Baiixite,  the  first  step 
being  the  separation  of  hydrate  of  alumina  from  this  substance. 
This  alumina  is  mixed  with  sodic  chloride  and  charcoal,  and  formed 
into  masses,  which  are  heated  in  earthen  retorts  to  redness,  and  a 
current  of  dry  chlorine  is  then  passed  over  them,  by  which  the 
double  salt  is  formed,  and  distils  over.  As  Bauxite  is  a  clay  con- 
taining a  considerable  amount  of  oxide  of  iron,  the  aluminium 
made  from  it  commonly  contains  some  iron. 

Properties. — It  is  a  white  metal,  of  a  colour  between  that  of 
silver  and  zinc,  thus  inclining  to  blue ;  this  tint  is  deepened  by 
hammer-hardening,  which  treatment  also  increases  its  elasticity, 
bringing  it  to  about  the  condition  of  soft  iron  in  this  particular 
It  is  malleable,  and  can  be  rolled,  or  beaten  very  thin  ;  it  is  also 
very  ductile,  and  capable  of  being  drawn  into  fine  wire  ;  but  for  this 
purpose  it  must  be  heated  up  from  time  to  time  during  drawing, 
so  as  thoroughly  to  anneal  it ;  and  care  must  be  used,  as  the  wire 
becomes  fine,  not  to  fuse  it.  Its  great  peculiarities  are  its  low 
specific  gravity,  which  does  not  exceed  2*67,  and  is,  under  favour- 
able conditions,  as  low  as  2*56;  also  its  extreme  sonorousness,  for 
a  small  bar  of  the  metal,  when  struck  by  a  hard  substance,  will 
give  the  clear  ring  of  glass.  Its  melting  point  has  not  yet  been 
accurately  determined,  but  from  the  appearance  of  the  heat  rt 
quired,  it  cannot  be  less  than  1000°  F. ;  it  easily  crystallizes  upon 
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ccMiliiig.  For  its  fuBion,  the  mamifoctnrers  just  mentioned  emfdoy 
onliiiar)-  crucibles,  and  no  flui;  also  a  leu  intense  fire  than  vould 
be  employed  for  silTer;  but  the  heating  is  earned  on  longer, 
»nil  tiie  contents  of  the  open  crucible  stirred  ftom  time  to  time 
nith  aa  iron  spatula ;  and  it  is  cast  in  metallic  moulds,  or  elae 
moulds  of  porous  sand. 

The  surface  of  this  metal  takes  a  fine  polish,  and  is  not  acted 
upon  by  the  air.  Hydrochloric  acid  readily  dissolves  it ;  nitric  ra 
sulphuric  acids  but  gradually,  even  when  the  metal  is  boiled  in 
either  uf  them,  but  by  potassa  or  soda  it  ia  easily  oxidised.  Its 
KymlKil  is  Al'".     Atomic  weight,  i?'^. 

The  difficulty  of  soldering  at  fiist  impeded  the  applications  of 
tlie  metal,  but  Measni.  Bell  find  that  it  may  be  soldered,  if  the 
work  ia  prepared,  as  in  ordinary  cases,  by  first  'tinning ;'  but  this 
ojHT^tion  must  be  effected  by  means  of  the  solder  itself.  Then 
the  tinned  pieces  arc  Joined  together,  and  exposed  to  the  flame  of 
;i  gjis  liluwpipo  ;  :i«d  for  such  puri>08e8  the  apparatus  described  at 
yaf:cK  89  and  go  ia  very  useful.  Small  alumiuium  tools  are  used 
liy  tlieiii,  us  tliuy  state  that  other  ones  alloy  with  the  metal  and 
.iih.ur  it  to  sonic  extent ;  and  fiui,  also,  is  injurious,  as  it  attacks 
iJiL'  iiii-t;il  mid  pievents  adhesion.  As  the  solder  melts  auddeuly 
ju  :i  coiiiplctc  manner,  the  friction  of  the  tool  must  lie  applied  just 
ut  tlic  iirecisc  monieut ;  hence  the  use  of  the  table-bellows  blow- 
^ii]jL'  ill  sctthig  the  hitnds  free.  A  good  general  solder  is  composed 
uf  L'<>i>|K.'r  4  parta,  alumiuium  6,  and  zinc  90  parts  ;  aud  in  making 
tliia,  tiie  couicr  is  fir.st  melted,  then  the  aluminium  added,  with  a 
little  t;illiiiv,  and  the  mixture  stirred  well  with  a  piece  of  iron; 
ti)en  at  the  end  the  zinc  is  added  carefully,  so  as  to  avoid  its  oxida- 
tion aa  f;ir  us  pnasible.  They  give  four  other  formultD  for  solders, 
but  luiviae  the  use  of  the  above  form  for  general  purposes.  From 
tiie  care  nccdi'd  to  Bolder  it,  it  has  been  formerly  proposed  to  coat 
it  with  copiier  and  then  solder  in  the  usual  way.  Ijistly,  as  to 
it.s  uiamifaeturc,  it  may  be  turned  in  the  lathe,  by  first  varnishing 
the  surfaei'  to  whii'li  the  tool  is  to  l)e  applied  with  a  vamiah  of 
Bt(;aiii;  iicid  in  turpentine  ;  this  prevents  its  tearing  up. 

The  imiKji'tiuit  alloys  of  aluminium  are  the  ones  which  it  forms 
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with  copper.  Copper  with  from  three  to  five  per  cent  aluminium, 
forms  an  alloy  of  very  gold-like  appearance,  increased  by  dipping 
in  aquafortis.  The  alloy  of  ten  per  cent  aluminium  is  more  like 
brass,  and  is  apt  to  tarnish.  Some  experiments  were  made  at 
our  Mint  with  the  view  of  employing  the  alloy  for  coinage  pur- 
poses, but  it  was  abandoned  from  its  producing  a  metal  so  closely 
resembling  gold  in  colour. 

Aluminimn  forms  hard  alloys  with  silver,  and  these  have  been 
employed  for  the  formation  of  ornamental  articles.  It  alloys  also 
with  tin,  and  with  zinc,  but  with  these  gives  rather  brittle 
alloys. 

It  does  not  amalgamate  with  niercury. 

Alumina  is  the  only  oxide  of  this  metal :  it  may  be  procured  by 
recrystallizing  ordinary  alum  until  purified.  A  hot  solution  of 
the  crystals  is  then  made,  and  potassic  carbonate  added  ;  the  pre- 
cipitate formed  is  digested  for  a  time,  to  decompose  the  basic 
alimiinic  sulphate  at  first  precipitated.  It  is  next  well  washed, 
to  get  rid  of  the  potassic  carbonate ;  after  which  hydrochloric 
acid  is  employed,  sufficient  to  dissolve  it.  This  solution  is  filtered, 
if  necessary,  and  the  alumina  precipitated  by  ammonia,  washed, 
and  ignited. 

Alumina  is  a  perfectly  white  insoluble  powder,  very  hygro- 
scopic. Moist  alumina  is  soluble  in  caustic  potassu,  or  soda,  and 
very  slightly  so  in  ammonia.  With  acids  it  combines,  forming 
salts.  Corundum,  the  ruby,  and  sapphire,  are  all  nearly  pure 
alumina :  the  two  latter  are  coloured  by  oxide  of  chromium. 
Indeed,  the  ruby  has  been  artificially  formed  by  Gaudin,  by  mix- 
ing pure  hydrate  of  alumina  with  potassic  dichromate,  drying, 
and  then  heating  in  the  oxyhydrogen  blowpipe  flame  ;  and  Deville 
has  formed  the  sapphire  by  somewhat  similar  means.  Pure  aln: 
mina  is  a  sesquioxide.     Composition,  Al^  Os.    Atomic  weight,  103. 

The  basis  of  all  manufactures  in  pottery,  earthenware,  fire 
materials,  and  the  like,  is  a  hydrated  aluminic  silicate;  and  the 
purity  of  the  clay  controls  the  nature  of  the  manufacture ;  its 
general  composition  may  be  taken  at  A\q  O3,  2  Si  Oj  +  2  Hn  0  ; 
but  it  is  always  more  or  less  associated  with  foreign  matters,  the 
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nnture  of  which  is  commonly  indicated  by  colour :  thus  blue  clay 
contains  organic  mattera  which  bum  out  and  leave  the  clay 
white,  like  china;  in  it  47  parts  of  silica  are  combined  with  38 
alumina. 

Tbo  red  or  potter's  clay,  used  for  brown  ware,  contains  about 
7  per  cent  of  iron,  and  1  of  lime.  Where  much  lime  is  contained 
it  constitutes  marl. 

Pipe-clay  is  nearly  free  from  iron. 

But  the  most  important  of  these  is  the  one  known  as  kaolin, 
or  porcelun  clay,  whose  average  composition  is  about  36  parta  of 
.  alumina  with  4S  of  silica ;  from  this  the  finer  kinds  of  porcelain 
are  made.  It  is  a  compound  or  mixture  of  quartz,  felspar,  and 
mica.  The  analysis  of  Chinese  kaolin  gives  jyj  alumina  and 
;o'j  silica.  With  these  are  associated  I  '8  of  oxide  of  iron,  1*9  of 
potossa  and  soda,  o-g  magnesia,  and  11 '2  of  water. 

Glaya  are  all  miaciblo  with  water,  and,  although  insoluble, 
may  be  so  thoroughly  mixed  up  with  it  as  to  form  a  very  plastic 
moss,  or  even  a  thin  cream  when  the  water  ia  in  large  proportion  ; 
the  maea  not  only  contracts  on  dicing,  but  also  greatly  upon 
heatii^  ;  and  in  the  latter  cose  not  uniformly  :  hence,  in  forming 
porcelain,  some  material  is  added,  which,  while  it  diminishes  this 
contraction,  at  the  same  time  robs  the  material  of  ita  extreme 
cohesivencBs ;  then,  te  make  up  for  the  latter  defect,  a  fiux  is 
employed,  which  fusing  perfectly  at  the  heat  employed  in  the 
first  firing,  permeates  completely  the  pores  of  the  clay,  and  forms 
a  translucent  liody,  sound  and  sonorous  when  struck.  Such  mo^ 
terial  is  called  biscuit  ware,  and  on  this  any  colouring  oxides  are 
put,  a  final  glaze  being  fiiaed  over  the  whole,  whereby  its  porous 
nature  is  entirely  provided  against. 

Discrimiiiati/mo/  Alumiua.-^i.  Dihydric  sulphide  does  not  pre- 
cipitate salts  of  alumina. 

2.  Ammonio-hydric  sulphide  produces  a  white  precipitate  of 
hydrate  of  alumina,  and  at  the  same  time  dihydric  sulphide  is 
evolved. 

r  its  carbonate  tlirows  down  a  bulky  hydrate. 
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This  is  white  and  gelatinous,  and  only  slightly  soluble  in  the 
precipitant. 

.  4.  Potash  or  its  carbonate  produces  a  similar  precipitate ;  this 
is  perfectly  soluble  in  the  caustic  alkali,  but  not  in  the  carbonate. 
Amnionic  chloride  in  excess  reprecipitates  alumina  from  its  solu- 
tion in  potassa. 
%  Before  the  blowpipe  an  alumina  compound,  when  moistened 
with  a  drop  of  cobaltic  nitrate,  gives  a  fine  sky-blue  bead.  Silica 
gives  the  same  reaction,  but  the  colour  is  paler,  and  thus  dis- 
tinguishes it  from  that  of  alumina. 

Aliuninium  is  always  estimated  as  alumina.  The  hydrate 
being  precipitated  either  by  anmionio-hydric  sulphide,  or  by 
ammonia,  or  its  carbonate.  This  is  carefully  washed,  dried,  and 
ignited  before  weighing.  The  precipitate  is  very  gelatinous  and 
retentive,  hence  the  need  of  careful  washing,  as  also  the  difficulty 
of  completely  removing  adherent  matters.  . 
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Op  the  secoad  division  of  base  metala,  magneBium  only  has 
been  used  in  the  metallic  condition,  and  up  to  the  present  time, 
its  application  has  been  confined  to  purposes  where  intense  white 
light  is  needed,  for  on  applying  a  flame  to  it,  it  takea  fire,  and  the 
light  produced  is  brilliant  in  the  eitreme,  very  white  and 
daazling.  Oxidation  of  the  metal,  by  its  combustion,  thus  pro- 
duces the  white  oxide  magnesia,  in  a  light  pulverulent  condition. 

The  sources  from  which  magnesium  mnj  bo  obtained  are  most 
abundant.  The  first,  or  magnesian  limestone,  is  a  magnesic  and 
calcic  carbonate,  and  couatitutea  the  mineral  dolomite.  Magneaite 
is  a  simple  magnesic  carbonate.  Then  its  chloride  ia  contained 
largely  in  aca-vrater,  and  a  double  chloride  with  potassium,  has 
lately  been  found  at  Stasafurth  in  Saxony.  Thia,  known  as  Cam- 
allitc,  is  an  excellent  source  of  the  metal. 

Magnesium  is  isolated  by  means  precisely  analogous  to  those 
employed  for  aluminium.  It  was  firat  produced  by  Davy  in  1808, 
and  after  Wiihler'a  production  of  aluminium  in  1827,  BuBsy,  a 
French  chcmiat,  by  a  similar  method,  separated  magnesium.  After 
this,  Matthiesen  and  others  got  it  by  electrolyaia ;  but  Deville  and 
Caron  were  the  first  to  produce  it  in  considerable  quantity,  and 
modifications  of  their  method  are  now  commonly  employed  for  ita 
manufacture  upon  the  largo  scale.  Sonstadt  hofi  much  improved 
and  simplified  it,  and  so  made  the  preparation  of  magnesium  n 
e  manufacturing  operation. 
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Deville  employs  magnesic  chloride,  and  to  6  parts  of  this  adds  i 
of  sodic  chloride,  i  of  calcic  fluoride,  and  i  of  sodium,  in  small 
pieces ;  these  are  intimately  mixed,  and  quickly  thrown  into  a 
heated  clay  crucible,  which  is  as  quickly  covered  up.  After 
heating  this,  the  mixture  is  stirred  with  an  iron  spatula ;  the 
globules  of  metal  reduced  brought  together,  and  as  the  mixture 
cools,  the  whole  is  poured,  and  the  slag  subsequently  separated 
from  the  metal. 

Thus  crude  magnesium  is  produced,  which  has  next  to  be 
purified ;  this  is  effected  by  first  fusing  it  in  hydrogen  gas,  to 
bring  it  into  a  mass  ;  and  again,  imder  a  flux  composed  of  magnesic 
and  sodic  chlorides,  with  some  calcic  fluoride.  JLastly  it  is  freed 
from  remaining  impurities  by  distilling  it  in  an  atmosphere  of 
hydrogen. 

The  apparatus  for  this  consists  of  a  crucible  having  a  tube 
passed  up  and  luted  into  the  bottom.  It  is  carried  nearly  level 
with  the  top  edge  of  the  pot  and  passes  below  into  a  close  iron  box. 
The  crucible  is  filled  with  crude  magnesium,  and  the  air  expelled 
by  a  current  of  hydrogen.  It  is  luted  up,  and  distillation  carried 
on,  the  tube  passing  down  to  the  box  receiver  through  the  furnace 
bars,  thus  the  vapour  passes  down  it,  and  condenses  in  a  mass  of 
drops  in  the  cool  box  below. 

As  to  the  source  of  the  magnesic  chloride,  Sonstadt  decomposed 
*  rock  magnesia,'  a  magnesic  carbonate  by  hydrochloric  acid,  then 
evaporated  the  solution,  and  finished  it  by  heating  in  a  crucible 
until  perfectly  melted,  and  thus  all  the  water  is  driven  off,  when  it 
is  packed  in  air-tight  vessels. 

But  the  native  double  magnesic  and  potassic  chloride,  camallite, 
is  an  excellent  source  of  the  metal,  as  it  only  requires  diying  and 
mixing  with  calcic  fluoride  and  sodium,  and  decomposing  by  fusion 
at  a  moderate  heat  The  proportions  used  are  ten  parts  of  car- 
nallite  to  one  of  calcic  fluoride,  and  one  of  sodium.  The  metal  so 
obtained  requires  purification  by  distillation. 

Properties, —  Magnesium  is  a  white,  or  bluish  white  metal,  of 
exceedingly  low  specific  gravity,  via.  1 743,  whence  it  is  trouble- 
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some  to  separate  from  the  flux  in  its  manufacture.  When  heated, 
it  rises  in  condensable  vapour,  hence  its  facility  of  purification. 
But  it  is  very  oxidizable  at  high  temperatures,  and  thus  the  need 
for  an  atmosphere  of  hydrogen  when  it  is  in  fusion.  At  ordinary 
temperatures  it  is  not  readily  oxidized  unless  the  air  be  moist.  It 
is  tolerably  malleable  and  ductile  when  heated.  Cold  water  acts 
slowly  upon  it,  but  readily,  if  even  slightly  acid.  The  action  of 
strong  hydrochloric  acid  upon  it  is  so  violent  that  combustion 
takes  place  if  thrown  into  it. 

Wanklyn  and  Chapman  have  shown  that  towards  the  halogens 
magnesium  is  very  indifferent;  at  ordinary  temperatures  a  solu- 
tion of  iodine  has  very  little  action  upon  it ;  it  may  be  dipped  in 
bromine  without  being  attacked,  and  when  plunged  in  chlorine 
gas,  it  is  not  immediately  tarnished.  They  consider  that  the  well- 
known  decomposition  of  the  haloid  salts  of  magnesium,  when  eva- 
porated to  dryness,  depends  upon  this.  Symbol,  Mn".  Atomic 
weight,  24-3. 

Alloys  of  a  metal  so  oxidizable  at  high  temperatures  as  mag- 
nesium is  are  difficult  to  make,  and  it  is  hence  requisite  that  as  low 
a  temperature  as  possible  should  be  employed.  Again,  its  low  spe- 
cific gravity  causes  it  to  float  upon  the  surface  of  a  fused  metal. 
Therefore  Parkinson*  (who  has  published  an  excellent  paper  on 
this  subject,  to  which  the  reader  is  referred  for  much  information) 
advises  the  use  of  some  flux  free  from  oxygen  to  cover  the  surface 
of  the  alloying  metals,  such,  for  instance,  as  a  mixtiure  of  sodic 
chloride,  and  calcic  fluoride.  Then  the  magnesium  is  wired  on  to 
an  iron  rod,  by  which  it  can  be  passed  to  the  bottom  of  the  pot, 
and  stirred  in.  And  as  the  metal  is  so  volatile,  the  heat  should 
be  lowered  as  soon  as  the  metals  are  alloyed.  But,  as  far  as 
experiments  have  been  made,  it  is  found  that  all  these  alloys  are 
very  brittle,  even  with  the  noble  metals,  or  with  copper.  One  per 
cent  in  copper  is  sufficient  to  produce  brittleness,  and  10  per  cent 
will  render  it  easy  to  be  powdered. 

♦  Journal  Chem,  Soc.  vol.  xx.  p.  117. 
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Magnesium  alloys  tarnish  easily,  and  they  decompose  water. 
Indeed,  they  seem  of  little  practical  value  at  present. 

Wanklyn  and  Chapman*  have  shown  that,  if  perfectly  clean, 
magnesium  is  heated  with  mercury  to  near  its  boiling  point,  very 
violent  action  takes  place,  and  an  amalgam  '  endowed  with  very 
singular  properties*  forms.  An  amalgam  of  one  part  of  mag- 
nesium, with  200  of  mercury,  tarnishes  immediately  on  exposure 
to  air ;  when  moistened  with  water,  swells  up,  becomes  very  hot, 
and,  if  immersed  in  water,  decomposes  it  rapidly. 

Magnesia  is  the  only  oxide  of  this  metal.  It  forms  a  snow-white 
and  bulky  powder.  It  is  got  by  decomposing  magnesic  carbonate 
by  heat,  for  which  purpose  it  is  packed  in  crucibles  and  exposed  to 
a  pretty  high  temperature  to  expel  the  acid.  Magnesia  is  quite  in- 
fusible and  very  slightly  soluble  in  water.  It  has  an  alkaline  reac- 
tion when  moistened,  and  will  with  water  form  a  hydrate,  which 
exposed  to  air  absorbs  carbonic  acid,  becoming  magnesic  carbonate. 
Magnesia  is  a  protoxide  of  the  formula  MgO ;  atomic  weight,  40*3. 

Magnesic  chloride  is  found  largely  in  sea-water.  It  is  formed 
artificially  by  dissolving  magnesic  carbonate  in  hydrochloric  acid, 
but  on  evaporating  this,  it  is  partly  decomposed,  hence  it  is  usual 
to  dissolve  i  part  of  magnesia  in  hydrochloric  acid,  and  add  3  parts 
of  ammonic  chloride  in  solution,  on  evaporating  this,  and  igniting, 
the  ammonic  chloride  is  expelled,  and  pure  magnesic  chloride  lefl 
as  a  deliquescent  salt.     Composition,  MgCl^;  atomic  weight,  95*3. 


*  Journal  Chem,  Soc.  vol.  xiz.  page  141. 
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METALS  OF  THE  FIRST  DIVISION. 


Of  the  metals  belonging  to  the  first  division,  those  which  have 
been  applied  as  such  have  been  used  as  reducing  agents ;  these 
are  potassium  and  sodium,  both  of  which  are  obtained  by  ordinaiy 
means  of  reduction,  somewhat  varied  in  each  case.  One  of  the 
metals  of  this  division,  viz.  the  white  metal,  lithium,  is  lighter 
than  any  other  known  solid,  its  specific  gravity  being  only  *593,  or 
little  more  than  half  that  of  water.  But  the  applications  of 
potassium  and  sodium,  in  their  oxides,  viz.  potassa,  and  soda,  and 
their  salts,  are  extremely  numerous  and  important,  and  their 
sources  are  equally  extensive  with  their  uses.  Thus,  potash  is  a 
large  constituent  of  felspar ;  and  hence  in  some  coimtries  is  found 
diiSiised  as  a  nitrate  in  the  soil,  this  salt  being  a  result  of  the 
decomposition  of  the  felspar,  by  combination  of  its  potassa  with 
nitric  acid,  also  spontaneously  formed  from  oi^ganic  decomposition. 
Again,  potassa  is  supplied  in  abundance  from  the  ashes  of  plants, 
which,  by  lixiviation,  afford  a  mixture  of  potaasic  carbonate  and 
sulphate,  known  commercially  as  potashes,  and  as  pearlash.  Then 
the  supplies  of  sodium  compounds,  from  the  chloride  or  common 
salt,  are  inexhaustibla 

As  the  methods  of  producing  potassium  and  sodium  are  iden- 
tical except  in  the  compound  operated  upon,  they  may  be  de- 
scribed under  one  process.  The  salts  employed  in  each  case  are 
the  carbonates.  In  operating  for  making  potassium,  this  car- 
bonate is  obtained  by  a  preliminary  step,  viz.,  by  decomposing 
potassic  bitartrate  by  calcination,  whereby  its  tartaric  acid  is  de- 
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composed,  and  the  residue  in  the  calcining  pot  is  an  intimate 
mixture  of  potassic  carbonate  and  charcoal ;  this  is  at  once  broken 
up  into  pieces  of  about  the  size  of  a  nut,  and  put  into  the  distilling 
apparatus  for  reduction. 

For  the  distiUation  of  sodium,  an  artificial  mixture  is  made, 
nearly  resembling  the  potash  one  in  character.  Thus,  to  60  parts 
of  dry  sodic  carbonate,  14J  of  charcoal  are  added,  and  9  of  chalk. 
These  being  formed  into  a  paste  with  oil,  are  calcined  as  in  the 
potash  operation,  when,  after  cooling  rapidly,  the  mass  is  ready 
for  distillation. 

A  good  wind-furnace  is  required  for  the  reduction  of  these 
metals.  In  it  is  fixed  an  iron  mercury  bottle  as  a  retort ;  and  as 
these  bottles,  although  serving  the  purpose  admirably,  are  found 
to  bum  out  rapidly,  a  protection  of  lute  is  applied,  or  this  may  be 
afforded,  by  sprinkling  some  glass  of  borax  over  the  exterior, 
which,  fusing  upon  it,  protects  it  from  oxidation.  This  retort  is 
supported  upon  a  brick  placed  endways  under  each  end  ;  thus  it 
will  stand  at  about  9  inches  above  the  furnace  bars,  and  there 
should  be  the  means  of  withdrawing  the  bars  on  each  side  of 
these  bricks,  by  openings  in  the  front  (as  in  the  muffle  furnace, 
page  193).  The  neck  of  the  bottle  being  arranged  just  at  the 
inner  side  of  the  furnace  opening,  a  short  wide  tube  is  screwed 
into  it,  of  sufficient  length  to  reach  well  outside  the  furnace  ;  this 
forms  an  adapter  of  the  retort  to  a  receiver.  This  latter  is  formed 
as  a  flat  copper  or  iron  case  or  box,  which  can  be  opened  at  the 
top  ;  at  one  end  it  terminates  in  a  tubular  opening,  which  fits 
closely  to  the  retort  tube,  and  at  the  opposite  end  an  opening  is 
left  whereby  an  iron  rod  can  be  passed  straight  through  the 
apparatus  into  the  retort  itself. 

For  operating,  the  material  is  first  introduced  into  the  retort, 
and  the  latter  then  arranged  in  the  furnace,  but  without  the 
receiver  attached.  The  heat  is  then  got  up  and  carried  nearly  to 
whiteness,  after  which  the  evolution  of  the  metallic  vapour,  toge- 
tlier  with  much  carbonic  oxide,  takes  place,  and  will  inflame  spon- 
taneously ;  the  receiver  is  now  connected,  and  surrounded  by 
cold-water  cloths,  or  even  ice  at  times,  when  steady  condensation 
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of  the  metal  will  be  effected ;  throughout  the  whole  operation, 
however,  a  steady  stream  of  carbonic  oxide  will  pass  out  at  the 
open  end  of  the  receiver.  If  this  ceases  during  distillation  it  ia 
an  indication  of  stoppage  of  the  tube,  which  m\ist  be  imme- 
diately cleared  by  passing  down  an  iron  rod  or  wire ;  and  if  this 
be  ineffectual  in  opening  a  passage,  the  fire-bars  must  be  very 
speedily  withdrawn,  so  as  to  let  out  the  fuel  and  stop  distillation, 
or  explosion  will  take  place. 

Distillation  being  over,  the  receiver  is  opened  under  some 
mineral  naphtha,  and  its  contents  removed  and  carefully  kept  in 
that  fluid,  which  from  containing  no  oxygen  will  preserve  it.  If 
the  operation  has  been  for  potassium,  the  yield  of  rough  metal 
should  be  about  one-fourth  the  weight  of  the  charge ;  but  ajs  it  is 
always  contaminated  with  carbonaceous  matter,  and  at  times  with 
certain  explosive  compounds,  it  is  always  re-distilled,  and  even 
twice  over  if  found  necessary ;  by  this  about  one-third  of  the  first 
product  is  lost 

In  the  distillation  of  sodium,  metal  equal  to  one-third  the 
weight  of  material  is  usually  afforded,  and  Deville,  who  uses 
sodiimi  largely  in  the  isolation  of  aliuninium  and  analogous 
metals,  so  completely  mauEiges  its  distillation  as  to  bring  the 
sodium  over  in  continuous  drops,  just  as  water  is  distilled,  and  so 
steadily  can  he  maintain  this,  as  even  to  be  able  to  remove  the 
receiver  for  a  time  and  allow  the  metal  to  drop  into  a  vessel  of 
naphtha  placed  below,  in  order  to  exhibit  the  rapidity  and  nature 
of  the  operation. 

Potassimn  is  seen  to  be  a  blueish-white  metal,  w^hen  a  fresh- 
cut  surface  is  examined.  This  tarnishes  even  in  naphtha,  and 
very  quickly  on  contact  v*ith  air,  being  converted  by  it  into  potassa. 
It  has  so  powerful  an  affinity  for  oxygen,  that  when  thrown  into 
water  it  decomposes  it,  and  with  such  energy  as  to  inflame  the 
hydrogen  set  free,  by  means  of  the  heat  evolved  during  oxidation. 
The  hydrogen  flame  is  coloured  violet  in  this  case  from  admixture 
with  vaporised  potassium.  Its  specific  gravity  is  onlyo'865,  hence 
it  floats  upon  the  water  during  its  decomposition.  At  ordinary 
temperatures  it  cuts  like  wax,  and  is  of  about  the  same  consistency. 
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It  fuses   at    144°  F.  =  62^0.,  and  sublimes  below  a  red    heat 
Symbol,  K'.  Atomic  weight,  39*1. 

Sodium  resembles  potassium  in  colour  and  general  appearance, 
but  its  oxidized  surface  is  whitish  (potassium  appearing  blue  when 
surface-oxidized).  Sodium  also  decomposes  water,  but,  if  this 
fluid  be  cold,  it  is  without  inflammation  accompanying  it.  Either 
of  these  metals  will  rob  an  oxidized  body  of  its  oxygen,  by  simple 
contact  with  it,  themselves  being  oxidized ;  hence  they  are  much 
employed  as  reducing  agents,  and  particularly  sodium,  for  its 
atomic  weight  being  less,  a  less  quantity  may  be  employed  than  of 
potassium,  then  again  its  preparation  presents  rather  less  difficulty 
The  atomic  weight  of  sodium  is  23,  and  its  symbol  Na. 

A  large  use  of  potassa  and  soda  is  for  the  formation  of  the 
diflerent  kinds  of  glass.  Analogous  to  the  aluminic  silicate  already 
described  as  constituting  porcelain,  are  the  sodic  and  potassio 
silicates ;  these  are  called  glass.  Indeed  glass  may  be  described 
as  an  amorphous  transparent  salt,  wherein  silica  unites  as  the  acid, 
with  potassa,  soda,  lime,  and  plumbic  oxide  as  bases.  It  is 
geuerallj^  more  or  less  colourless ;  but  if  it  contain  traces  of  other 
metallic  oxides,  it  will  receive  the  peculiar  colour  due  to  the  latter. 
It  is,  as  just  stated,  amorphous;  but  if  insufficiently  heated,  and 
cooled  down  slowly,  it  may  be  crystallised,  although  this  change  of 
molecular  condition  seems  to  be  due,  to  some  extent,  to  separation 
of  the  sihcates  of  diflerent  bases  which  enter  into  its  formation. 
Potassic  and  sodic  silicates  constitute  the  more  refractory  kinds 
of  glass.  Such  is  the  composition  of  the  Bohemian  potash  glass, 
whose  infusibility  renders  it  invaluable  for  chemical  vessels  re- 
quired to  sustain  strong  heat  without  change  of  shape,  or  fusion. 
This  glass  is  also  exceedingly  hard  upon  its  surface,  as  shown  by 
the  application  of  a  flle,  but  it  is  wanting  in  brilliancy,  and 
besides  possessing  a  greenish  tint,  is  often  fiill  of  small  granular 
particles. 

Ordinary  window-glass,  known  as  *  crown  glass,'  is  a  mixture 
of  sodic  and  calcic  silicates,  or  occasionally  of  potassic,  sodic,  and 
calcic  ;  this  is  much  more  fusible  than  genuine  pctash  glass,  but 
much  lime  has  a  tendency  to  dhninish  its  fusibility  and  increase 
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its  hardness.  Plate-glasi  is  of  the  same  chemical  composition, 
and  differs  only  in  the  foot  of  veiy  pure  material  being  used  for 
its  fabrication  ;  and  it  is  cast  upon  a  flat  table,  the  sur&ce  being 
Bubsequently  polished  off;  thus  this  sor&ce  is  softer  and  more 
liable  to  scratch  than  a  natural  one. 

Flint-glass  is  a  mixture  of  potasaio  and  plumbic  ailicatee.  The 
latter  addition  renders  the  glass  very  fusible ;  and  as  its  density 
is  at  the  same  time  much  increased  ;  bj  a  natural  law,  its  refractive 
power  is  correspondingly  enhanced  ;  hence  the  peculiar  brilliancy 
of  English  flint-glass.  The  lead  also  renders  the  metal  (as  it  is 
called)  very  soft  and  workable,  thus  admitting  of  elaborate  cut- 
ting. The  finest  kinds  of  red  oxide  of  lead  are  employed  in  the 
fobrication  of  this  glass. 

As  the  plumbic  silicate  is  in  large  proportion  in  the  mixture, 
and  its  density  is  very  great,  the  component  silicates  of  flint^lass 
hare  always  a  tendency  to  separate  ;  hence  the  great  difficulty  in 
regard  to  optical  glass,  as  flint-glass  ia  always  employed  as  one 
element  in  combination  for  producing  achromatic  properties.  This 
difficulty  has  led  to  a  plan  of  fusing  the  material,  and  well  mixing 
by  stirring ;  then,  after  allowing  tlie  pot  of  glnas  to  cool,  cutting 
up  the  contained  mass  in  slices,  which  layers,  although  more  uni- 
form in  themsolves,  increase  in  density  us  they  are  taken  lower 
from  the  mass. 

The  common  kinds  of  glass,  known  as  green  or  bottle  glass, 
are  mode  of  much  coarser  material,  and  hence  are  mixtures  of 
potassic,  Bodic,  calcic,  and  alumitilc  silicates  with  such  metallic 
oxides  as  may  have  been  present  with  the  bo^es.  Thus  the  green 
colour  of  ordinary  bottle-glass  is  due  to  ferrous  oxide. 

For  the  formation  of  glass  a  certain  quantity  of  the  rav 
materials  is  always  mixed  with  a  good  proportion  of  broken  glass, 
called  cullet.  Thus,  for  ordinary  crown-j^'liiss,  a  mixture  of  tine 
sand,  soda-ash,  or  rough  sodic  ciirbonato,  and  chalk,  ia  intimately 
mixed  with  nearly  their  own  weight  of  cuUct.  This  mixtiu^  is 
tlieu  ex{K'sed  to  a  dull  red  heat,  whereby  moisture  and  carbonic 
acid  arc  driven  otT,  and  partial  fusion  of  jiarts  of  the  material 
commenced. 
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The  mixture  is  next  transferred  to  the  glass  pots  or  crucibles, 
and  heated  to  bright  redness^  and  ultimately  fused.  The  whole 
is  then  kept  in  fusion  lor  a  considerable  time  until  all  air-bubbles 
escape^  and  the  impurities  rise  to  the  sur&oe ;  those  which  arise 
being  dbaefly  insoluble  saline  mattery  which  constitute  '  sandiver/ 
and,  when  skimmed  off,  leaye  the  metal  in  a  fit  state  for  working. 

Although  only  magnesium,  potassium,  and  sodium  have  been 
described,  yet  the  two  divisions  of  metals  to  which  they  belong, 
viz.,  the  seoond  and  firsts  may  be  briefly  examined  as  to  some  of 
their  reactions,  more  especially  as  to  discrimination,  and  under 
one  general  head,  as  they  possess  some  features  in  common, 
although  each  may  most  readily  be  distinguished  by  certain 
^>ecial  characters. 

i«  They  are  none  of  them  precipitated  by  dihydric  sulphide, 
or  by  ammonio-hydric  sulphide. 

2.  Dividing  them  into  metals  of  alkalis  and  of  alkaline-earths, 
the  latter  only  are  thrown  down  by  solution  of  potassic  carbonate ; 
for,  although  one  of  the  former,  vix.,  lithium,  is  so  precipitated,  the 
carbonate  formed  is  easily  dissolved  again. 

Next,  taking  the  reacti<His  of  the  alkaline  earthy  metals,  vis. 
calcium,  barium,  strontium,  and  magnesium,  into  consideration, 
salts  of  the  first,  or  calcium  salts,  are  distinguished  by  giving 
white  crystalline  predpitates  in  very  dilute  alkaline  solutions, 
when  ammonio  oxalate  is  added.  But  such  dilute  solutions  are 
not  affected  by  sulphuric  acid ;  if,  however,  they  are  concentrated, 
an  immediate  precipitate  of  oalcic  sulphate  takes  place.  If 
strongly  heated  in  a  Bunsen  flame,  they  colour  it  a  yellowish  red. 

Baric  salts  afford  the  same  kind  of  precipitate  with  ammonic 
oxalate,  but  not  in  dilute  Bolution&  Then,  sulphuric  acid,  or  a 
solution  of  calcic  sulphate^  Uirows  down  baric  sulphate  from  solu- 
tions containing  the  smallest  traces  of  barium.  Barium  salts 
colour  the  Bunsen  flame  a  yellowiBh  green. 

Salts  of  strontium  are  precipitated  by  ammonic  oxalate,  but, 
again,  only  when  the  solution  is  strong ;  they  will  also  be  preci- 
pitated by  solution  of  calcic  su^ate,  and  are  thus  distinguished 
from  calcium  salts.    And  again,  this  reaction  with  sulphuric  acid 

NN 
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or  calcic  sulphate  only  oocnrB  after  the  test  has  been  added  some 
little  time,  and  thus  its  action  differs  from  that  ooourrisg  with 
barium.     Strontivun  salts  colour  the  Bunsen  flame  intense  crimson. 

Soluble  magnesium  salts  are  precipitated  by  potass,  soda, 
baryta,  or  time,  an  insoluble  hydrate  of  magnesia  foiling,  and 
potasuc  carbonate  throws  down  magnesic  carbonate,  but  not  if 
ammonia  be  present.  Indeed,  ammonic  carbonate  will  redissolTO 
the  precipitate  formed. 

Ammonia  oxalate  gives  no  precipitate  in  very  dilute  solutJons 
of  magneeio  salts.  If  strong,  and  no  ammonia  or  ammonic  chlo- 
ride be  present,  omsts  of  double  ammonic  and  magnewo  oxalates 
will  form. 

Sulphuric  aoid,  or  soluble  sulphates,  give  no  precipitate.  Am- 
monic triphosphate  throws  down  a  granular  orystaUine  precijutate 
of  ammonio-magnesian  phosphate,  soluble  in  acids. 

Hydro -disodic  phosphate  throws  down  a  similar  magneeic 
phosphate,  as  a  white  powder ;  but  if  ammonic  chloride  be  first 
added,  a  double  phosphate  of  ammonia  and  magnesia  &11b,  even  in 
very  dilute  solutions,  and  here,  if  the  oontaining  ressel  bo  rubbed 
with  a  glass  stirrer,  white  lines  of  the  precipitate  will  form  on  the 
parts  rubbed. 

Magnesium  salts  do  not  colour  the  Bunaen  flam&  They  are 
distinguished  from  those  of  calcium,  barium,  and  strontium,  by 
the  difficult  solubility  of  the  hydrate  thrown  down  by  alkalis, 
&n. ',  atso  by  the  sulphate  being  soluble,  and  thus  no  precipitate 
being  formed  by  adding  sulphuric  acid.  Lastly,  by  the  ready 
formation  of  double  salts  of  magnesium  and  ammonium. 

Passing  now  to  the  first  division,  and  to  the  three  principal 
alkahuQ  metals  —  viz.  potassium,  sodium,  and  lithium  —  if  it  be  a 
salt  of  potassium  we  are  examining,  the  addition  of  a  little  tartaric 
acid  in  solution  in  alcohol  will  throw  down  a  sparingly  soluble 
crystalline  salt,  potassic  bitartrate. 

If  we  add  to  a  potash  solution,  platinic  chloride,  we  have  a 
beautifiil  yellow  precipitate,  alao  crjvtalltne.  This  is  also  thrown 
down  in  ammonia  compounds  ;  but  if  any  doubt  exist  as  to  which 
has  caused  it,  a  small  portion  of  the  precipitate  may  be  separated 
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and  heated  to  redness.  If  it  be  due  to  ammonia,  all  will  volati- 
lize but  the  platinum,  which  is  left  in  a  spongy  state  ;  if,  however, 
it  results  from  the  presence  of  potash,  a  mass  of  potassic  chloride 
will  remain  with  the  reduced  platinum. 

Salts  of  soda  give  no  precipitate  with  platinic  chloride,  although 
a  double  salt  is  formed ;  but  this  is  very  soluble,  and  can  only  be 
crystallized  out  (in  delicate  needles)  by  evaporating  the  solution. 
The  characteristic  test  for  soda  salts  is  potassic  antimoniate, 
which,  when  added  to  a  concentrated  solution,  will  give  a  crystal- 
line precipitate  of  sodic  antimoniate. 

If  a  solution  contain  lithia,  this  will  give  a  precipitate  with 
potassic  carbonate,  but  slightly  diluting  and  heating  the  solution 
will  re-dissolve  it. 

By  dissolving  salts  of  the  three  last  metals  in  portions  of  alco- 
hol, and  inflaming  them,  potassa  will  give  a  violet,  soda  an  intense 
yellow,  and  lithia  a  reddish-purple  flame. 
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CHAPTER  XXV. 

THE  PRmOIFLSS  09  SLBOTBO^MnriLLnBGnC 

Thebb  are  certain  forces,  known  as  electrO'Chemica],  whicliy  it 
conclusion,  it  wiU  be  desirable  to  examine.  By  theee,  metaOio 
solutions  are  decomposable,  and  the  metal  separated ;  while  also^ 
in  the  majority  of  cases,  we  are  thus  able  to  mould  and  shape  thd 
deposited  metal  more  minutely  than  by  the  mechanical  means  of 
fusion  and  casting  (this  is  well  shown  in  the  capability  of  electro- 
typing  a  daguerreotype  plate) ;  or,  on  the  other  hand,  metals  may 
imder  the  action  of  the  same  power,  be  dissolved,  and  those  eyen 
which  resist  most  strongly  our  ordinary  methods  of  solution: 
showing  that  ajQ&nities  so  powerful  as  to  remain  untouched  by 
general  methods  of  decomposition^  are  surely  and  quietly  overcome 
by  this  force.  Nor  is  its  action  confined  to  the  production  of 
these  more  striking  effects,  but  is  equally  manifested  in  all  cases 
where  metals  of  different  degrees  of  oxidizability  are  in  contact 
imder  favouring  conditions. 

If  a  strip  of  an  easily  oxidized  metal — as  zinc,  for  example — 
be  taken  and  placed  in  a  vessel  containing  some  dilute  sulphuric 
acid,  chemical  action  is  at  once  manifested,  the  metal  displacing 
the  hydrogen  of  the  acid  unites  with  its  radicle,  and  zincic  sul- 
phate results,  the  action  being  attended  throughout  by  evolution 
of  the  hydrogen  of  the  decomposed  acid. 

Next,  if  a  similar  strip  of  platinum  be  immersed  in  the  vessel, 
and  out  of  contact  with  the  zinc,  no  action  whatever  will  be  mani- 
fested upon  the  platinum,  for  sulphuric  acid  is  inactive  in  this 
case ;  but  if  the  ends  of  the  two  pieceiB  be  brought  to  touch  each 
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Other  (mtoftk$  liquid^  a  new  oondition  of  things  k  manifested  in 
the  solution,  viz.,  all  action  upon  the  zinc  appeani  suspended,  and 
the  platinum  plate  is  covered  with  bubbles  of  hydrogen  gas.  But, 
again,  by  examining  the  two  after  immersion  and  contact,  it  would 
be  found  that  the  platinum  was  untouched,  and  the  zinc  dissolved 
as  before,  notwithstanding  appearances  to  the  contrary,  the  hydro- 
gen being  in  some  way  transferred  to  the  platinum  from  the  zinc, 
and  evolved  at  the  surfEu^e  of  the  former. 

When  zinc  is  thus  employed  as  the  'generating'  plate  for 
voltaic  action,  it  is  customary  to  cleanse  its  surface  by  acid,  before 
use,  and  to  rub  it  over  with  mercury ;  by  this  means  an  amal- 
gamated surface  is  obtained  upon  which  the  acid  has  little  or  no 
action  while  the  plate  is  isolated  in  it,  but  when  it  is  brought 
into  contact  out  of  the  acid  witb  the  platinum  plate  iuunersed 
with  it ;  chemical  and  electrical  action  is  set  up  as  before. 

If,  in  place  of  direct  contact  being  made  between  the  metals, 
it  is  effected  through  the  medium  of  a  metallic  wire,  the  result  is 
the  same ;  and  if  this  wire  be  brought  over,  an4  parallel  to  a 
poised  magnetic  needle,  directly  the  connexion  between  the  plates 
is  made,  the  needle  will  be  deflected  from  its  natural  position  as 
regards  the  north — 'an  indication  that  a  current  of  electricity  is 
traversing  the  wire,  and  which  current  experiment  has  shown  to 
be  generated  in  the  liquid  at  the  zinc  surface,  and,  passing  thence 
through  the  fluid  to  the  platinum,  returns  by  the  connecting  wire 
to  the  zine ;  and  further,  the  deflection  o^  the  needle  to  the  right, 
or  to  the  left,  indicates  moat  certainly  which  end  of  the  wire  is 
connected  with  the  zinc,  eod  which  with  the  platinum  plate.* 


*  The  law  of  these  indieations  may  be  thna  stated :— .If  the  experimenter 
ba  looking  towards  tha  noitb--4hal  is,  along  the  Hne  of  the  needle  in  its 
natural  position — and  the  Tolti^c  arraagement  be  plaaed  so  that  the  platinum 
plate  is  near  him  at  the  south,  and  the  sine  at  the  north  end,  then,  on  plac- 
ing tha  wire  above  the  needle,  the  deviation  of  its  north  pole  will  be  to  his 
loit  hand,  or  west ;  if  the  wire  were  below  the  needle,  the  north  pole  would  be 
deflected  to  his  right  hand,  or  east ;  or,  lastly,  if  the  relaliye  position  of  the 
zine  and  platinum  were  ohanged,*then  the  deviation  of  the  needle  is  exactly 
reyerqed  alao. 
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Thus  it  appears  that  the  ohemioal  action  commenced  at  the 
uno  is  accompanied  by  a  current  of  electricity,  whereby,  in  the 
particles  of  liquid  situated  between  the  two  plates  (and  rendered  a 
conductor  of  the  current  by  tbe  addition  of  the  acid),  the  mutual 
affinities  of  their  ultimate  elements  are  suspended  while  they  are 
excited  in  equal  amount  between  the  opposite  elements  of  the 
adjacent  particles;  and  thus,  by  the  transference  occurring  along 
the  chain,  free  atoms  of  hydrogen  ultimately  appear  at  the  plati- 
num plate,  for  the  acid  radicle  passing  to  and  appropriated  at  the 
zino  plate,  and  the  particles  between  these  points  are  said  to  be  in 
a  polarised  state. 

The  action  taking  place  may  probably  be  rendered  erident  by 
the  following  diagrams,  where  the  symbols  Zn  and  Ft  represent 
the  metalUo  plates,  and  the  symbols  the  elements  of  the  particles 
intervening  between  them  : — 

SiMe  of  paiticles  in  the  \ 

liquid  before  the  cir-  i   Zn 

edit  is  comptete        .  ) 

5tB(«  of  particles  after  j 

rompletioDof  tbecir-  i   ZnS< 


),  SOi  SO,  SO,  SO, 


I   SO.   SO,   SO.   SO,   J 


During  action  all  chemical  changes  take  place  in  atomic  pro- 
portions, and  for  every  6;  grains  of  zinc  dissolved  98  grains  of  sul- 
phuric acid  are  decomposed,  2  grains  of  hydrogen  are  separated 
from  it  and  appear  at  the  platinum  plate,  and  the  96  grains  re- 
maining unite  with  the  6^  of  zinc  to  form  161  of  zincic  sulphate  ; 
and  hence  the  amount  of  zinc  dissolved,  or  of  hydrogen  collected 
at  the  platinum  plate,  may  be  made  the  measure  of  the  power  of 
the  circuit,  or,  on  the  other  hand,  the  extent  of  the  deflection  in  a 
magnetic  needle  will  give  the  same  information.  Indeed  the 
latter  is  made,  in  the  galvanometer,  just  such  a  measure  ;  and  in 
that  instrument  the  most  delicate  currents  are  made  to  affect  the 
needle,  by  insulating  the  conducting  wire,  so  that  it  may  be  coiled 
a  number  of  times  round  the  magnet,' by  which  the  latter  will  be 
influenced  just  in  proportion  to  the  multipltcattoa  of  the  t 
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An  arrangement  of  a  single  plate  of  each  metal,  as  hitherto 
considered,  forms  a  simple  galvanic  circuit ;  and  the  greater  the 
difference  in  the  affinity  the  two  metals  exhibit  for  the  acid 
radicle,  the  more  energetic  will  be  the  produced  current,  showing 
that  its  amount  is  in  proportion  to  the  chemical  action  going  on. 
The  second  plate  acts  in  'removing  hydrogen  from  the  first  or 
generating  one,  which,  by  its  adhesion,  would  retard  action, 
tending,  indeed,  to  establish  a  counter  current,  by  virtue  of  the 
affinity  of  the  separated  elements  for  reunion.  But  a  voltaic  cir- 
cuit may  be  formed  by  employing  a  single  metal,  provided  it  be 
so  arranged  as  that  two  fluids  can  be  used,  one  to  act  upon  each  end 
of  the  plate,  but  differing  in  their  affinity  for  the  metal— one 
being  capable  of  readily  combining  with  it,  while  the  other  is 
comparatively  inactive  upon  it.     (See  article  *  Tin,'  page  498). 

The  function  of  the  second  plate  in  the  circuit  is  well  shown 
when,  in  place  of  employing  a  plate  of  zinc  in  its  natural  state,  we 
amalgamate  its  surface  with  a  quantity  of  mercury,  as  already 
described ;  such  a  plate,  when  immersed  in  dilute  acid,  would  at 
once  become  covered  with  bubbles  of  hydrogen,  showing  action  to 
have  commenced ;  but  these,  by  close  adhesion  to  the  metal, 
which  is  much  increased  by  its  amalgamation,  quite  protect  it 
from  the  further  action  of  the  acid.  When,  however,  we  com- 
plete the  circuit  by  joining  the  two  plates,  the  gas  bubbles  are  as 
before,  transferred  to  the  platinum  plate,  and  chemical  action  is 
kept  up  upon  the  zinc  while  the  gas  is  so  removed,  but  ceases 
again  when  contact  is  broken. 

Where  unamalgamated  zinc  is  employed,  it  is  true  that  the 
evolution  of  hydrogen  will  take  place  from  the  zinc  surface,  even 
after  the  circuit  is  broken ;  but  this  results  from  what  is  called 
local  action  upon  the  zinc,  depending  upon  ordinary  zinc  con- 
taining minute  portions  of  other  metals,  in  points,  about  the  sur- 
face of  a  plate :  these  will  generate  small  *  local '  currents  which 
are  however  absent,  when  chemically  pure  zinc  is  employed,  as 
much  as  they  are  in  the  case  of  zinc  amalgamated  with  mercury. 

In  a  simple  voltaic  circuit  the  zinc  or  easily  ozidizable  metal 
would  be  called  the  positive  or  generating,  and  the  second  or 
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platinmn,  the  negative  or  oondocting  plate.  If  these  were  of  the 
same  metal,  and  hence  possessing  the  same  affinity  for  the  elements 
of  the  exciting  fluid,  no  current  could  circulate,  for  the  tendencj 
to  start  it  from  one  of  the  plates  would  be  opposed  bj  foroe  just 
similar  in  amoimt  from  the  opposite  plate ;  therefore  two  metala 
must  be  employed,  and  the  power  will  then  be  in  aocordanoe  with 
the  comparatively  low  affinity  of  the  second  one  for  the  elements 
above  mentioned,  whereby  this  retarding  effect  is  diminished  in 
the  same  proportion. 

A  metal  may  be  positive  or  negative,  in  a  voltaic  arrangement, 
according  to  the  nature  of  the  one  forming  the  second  diement  of 
the  circuit :  thus,  if  a  plate  of  copper  be  associated  with  one  c^ 
zinc,  the  zinc  will  be  the  positive,  and  the  copper  the  negative 
metal ;  but  if  copper  be  opposed  to  platinum,  the  copper  will  be 
positive  and  the  platinum  negative,  and  a  feeble  current  will  be 
started  at  the  surface  of  the  copper  plate,  and,  passing  thenoe 
through  the  exciting  liquid  to  the  platinum,  will  re-enter  by  the 
metallic  contact  at  the  copper. 

Berzelius  has  arranged  the  principal  metals  according  to  their 
electric  properties ;  and  from  his  table,  commencing  with  the 
electro-negative,  and  passing  regularly  down  to  the  most  electn>- 
positive,  they  take  the  following  order : — Gk)ld,  platinum,  paUadium, 
mercury,  silver,  copper,  bismuth,  tin,  lead,  cadmium,  iron,  ihic, 
aluminium,  sodium,  potassium. 

A  galvanic  battery  is  a  series  of  simple  circuits ;  and  i^  in  its 
arrangement,  the  connexion  between  the  separate  plates  be  made 
from  the  negative  to  the  positive  metal  alternately,  it  would  be 
called  an  '  intensity '  battery ;  but  if  the  whole  set  of  negative 
plates  were  connected  together,  and  then  the  whole  of  the  positive 
by  themselves,  the  two  series  would  virtually  amount  to  one  large 
plate  of  each  metal,  although  divided  into  the  number  of  small 
ones  employed,  and  distributed  through  separate  cells  or  vessels. 
Such  an  arrangement  would  be  called  a  '  quantity '  battery. 

If,  in  place  of  making  a  continuous  wire  connexion  betweep  the 
plates  of  a  voltaic  circuit,  as  described,  it  be  cut  in  the  centre,  and 
the  cut  ends  immersed  in  a  vessel  containing  a  conducting  fluid—* 
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as  a  solution  of  a  metallic  salt,  or  acidulated  water,  for  example—* 
the  electric  current  will  pass,  just  as  it  does  through  the  perfect 
metal  wire,  but  the  intermediate  particles  of  liquid  between  the 
divided  ends,  will  be  decomposed  during  the  passage  of  the  current^ 
and  thus  in  the  case  of  water,  its  hydrogen  and  oxygen  will  pass 
in  opposite  directions  in  the  liquid ;  and  if  these  wires  be  of  a 
metal  incapable  of  combining  with  this  oxygen,  or  are  made  to 
terminate  by  plates  of  such,  as  platinum  plates  for  example,  the 
oxygen  will  be  evolyed  at  one  end,  or  pole,  while  the  hydrogen 
escapes  at  the  other.  An  instrument  arranged  for  the  collection 
of  the  gases  would  form  a  voltameter. 

The  points  or  places  where  the  current  leaves,  and  re-enters, 
are  called  the  poles  of  a  battery.  Thus  it  leaves  the  arrangement 
at  the  platinum  or  negative  plate,  but  from  the  function  of  the 
connecting  wire  or  plate  in  the  decomposing  cell  attached  to  this, 
it  is  called  the  positive  pole ;  by  Faraday  the  anode,  and  by 
Daniell  the  zincode.  Then  re-entering  at  the  positive,  or  zinc  plate, 
the  wire  or  pole  in  connexion  with  the  latter  is  called  the  nega* 
tive  pole ;  by  Faraday  the  cathode,  and  by  Daniell  the  platinode. 
Upon  the  latter,  metals  will  be  deposited,  and  here  also  alkalis  or 
hydrogen  evolved;  while  at  the  former  or  positive  pole,  oxygen* 
chlorine,  cyanogen,  and  the  acids  will  be  found. 

All  compound  bodies  are  not  capable  of  electrolysis.  But 
most  metallic  salts  are  under  certain  conditions  so  decomposable. 
For  example,  those  where  an  acid  radicle  is  combined  with  a 
metal,  or  where  a  metal  is  in  binary  combination  with  a  non« 
metallic  element,  as  chlorine,  iodine,  bromine,  &c. ;  or  where 
combined  with  a  body  like  cyanc^n  (itself  a  binary  compound), 
and  also  some  other  analogous  bodies.  But  the  essential  in  all 
cases  is,  that  the  salt  should  be  in  solution,  or  the  body  in  fusion, 
so  as  to  form  a  liquid  conductor  of  the  electric  and  decomposing 
force.  If  the  electrolyte  be  a  binary  compound,  the  metal 
appears,  as  just  stated,  at  the  cathode  or  negative  pole,  taking  the 
direction  of  the  hydrogen  in  the  simple  circuit,  while  the  other 
element  is  set  free  at  the  anode  or  positive  pole,  the  point  to  which 
oxygen  travels. 

The  origin  of  *the  deposition  of  metals  by  electrolysis  may  be 
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traced  to  experiments  undertaken  to  determine  the  cause  of  the 
great  diminution  in  activity,  which  was  uniformly  observed  in  the 
Wollaston  battery,  formerly  the  common  arrangement,  wherein 
zinc-generating  plates  were  opposed  to  copper  conducting  ones, 
both  being  in  the  same  cell  of  exciting  fluid  ;  and,  although  these 
batteries  were  made  of  immense  size,  this  falling  oflT  of  their 
power  very  soon  followed  their  being  put  in  action. 

This  was  traced  to  the  reducing  power  of  the  hydrogen  ad- 
herent to  the  conducting  plate,  as  also  to  its  tendency  to  produce 
a  retarding  current,  depending,  as  before  observed,  upon  the 
affinity  of  the  separated  bodies  for  reunion.  The  reducing  power 
also  came  into  play  as  soon  as  the  cells  became  somewhat  charged 
with  the  zincio  sulphate  formed  during  action,  and  by  reducing 
its  zinc,  it  was  deposited  at  the  same  spot,  viz.  upon  the  copper 
plate,  and  so  diminished  action,  by  rendering  the  conducting 
plates  more  or  less  generating  ones. 

Thus  it  became  evident  that  any  means  which  would  assist  in 
the  immediate  removal  of  the  hydrogen  would  maintain  and 
increase  the  power  of  the  battery;  and  it  was  foimd  that  the 
addition  even  of  a  little  nitric  acid  to  the  sulphuric  would  act 
chemically,  and  by  its  own  decomposition  aflbrd  oxygen  to  the 
hydrogen,  so  forming  water,  the  remaining  elements  of  the  nitric 
acid  being  evolved  as  nitrous  acid. 

This  fact  has  been  taken  advantage  of  to  the  utmost  by  Mr. 
Grove  in  the  construction  of  his  battery,  where  the  platinum- 
conducting  plates  are  placed  in  porous  cells,  and  chai^d  with 
strong  nitric  acid,  while  the  zinc  or  generating  plates  are  placed 
in  a  surrounding  cell,  and  excited  by  dilute  sulphuric  acid  as 
usual  It  is  possessed  of  very  great  power  from  the  wide  separa- 
tion of  the  metals  used,  in  their  capability  for  chemical  action ; 
while  also  the  hydrogen  set  free  acts  directly  on  the  easily- 
decomposable  nitric  acid,  producing  with  it  water  and  nitric 
peroxide. 

Bunsen's  battery  is  the  same  in  principle,  but  carbon  plates 
are  used  in  place  of  platinum  for  economy. 

Smee  argued  that  as  the  hydrogen  was  always  more  readily 
evolved  from  points  about  the  conducting  plate,  while  it  appeared 
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to  be  tied  down  by  the  smoothness  of  its  surface,  he  could  by 
multiplying  such  points  for  its  evolution,  bring  it  about  fully  by 
such  mechanical  means.  And  in  his  excellent  battery  he  has 
ingeniously  effected  this  very  well,  by  forming  a  conducting  plate 
of  silver,  and  then  depositing  finely  divided  platinum  upon  its 
surface.  And  thus  he  is  enabled  to  use  both  plates  in  one  cell 
with  a  single  fluid,  and  consequently  requires  no  porous  tubes ; 
thus  his  battery  is  very  handy  and  workable,  and  at  the  same 
time  tolerably  constant. 

But  to  Daniell  is  mainly  due  the  train  of  experiments  and 
reasoning  which  led  to  the  results  of  the  present  day,  and  his 
*  constant  battery,'  which  appeared  before  Smee's  or  Grove's,  was 
the  first  great  step  towards  bringing  them  about  He  found  that 
the  addition  of  a  saline  solution  to  the  fluid,  and  of  the  same 
metal  as  the  conducting  plate,  would  be  attended  by  its  reduction 
upon  that  surface,  and  consequently  by  its  constant  renewal  Thus, 
in  a  series  of  zinc,  sulphuric  acid,  and  copper,  a  small  quantity  of 
cupric  sulphate  added  will  be  decomposed  dm*ing  action,  and  its 
copper  mainly  precipitated  -upon  the  copper  plate,  but  then  the 
local  currents  (already  mentioned),  as  arising  in  the  zinc  itself, 
led  to  the  deposition  of  copper  upon  the  zinc  also ;  and  hence, 
without  some  means  of  preventing  this,  the  battery  would  again 
tend  to  become  inactive. 

But  Daniell  found  that  any  porous  material,  as  bladder,  paper, 
or  unglazed  earthenware,  while  all-sufficient  to  prevent  the  mix- 
ture of  the  fluids,  yet  allowed  the  current  to  pass  freely  ;  and  thus 
arose  his  battery,  wherein  he  employed  a  cylindrical  zinc-generat- 
ing plate,  and  placed  it  in  a  porous  vessel  of  dilute  sulphiiric 
acid  ;  this  was  contained  in  the  centre  of  an  external  copper  case 
or  cell,  which  formed  the  conducting  plate,  and  the  latter  being 
charged  with  a  strong  solution  of  cupric  sulphate,  was  constantly 
being  renewed  by  reduction  of  the  copper  from  the  salt,  and  by  the 
action  whereby  the  opposing  element  hydrogen  was  being  removed 
from  the  circuit. 

During  the  experiments  which  led  to  this  conclusion  Daniell 
actually  observed  that  the  copper  so  reduced  might  be  stripped 
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off  in  8ome  cases  in  a  coherent  sheet ;  and  the  author,  while  a 
pupil  of  his,  remembers  well  l\is  exhibiting  to  his  class  a  portion 
of  the  metal  so  removed,  as  exemplifying  the  uniformity  of  the 
deposit,  inasmuch  as  filemarks  existing  on  the  plate  on  which  the 
deposit  was  made,  were  reproduced  perfectly  upon  the  precipitated 
metal.  Yet  the  great  application  of  this  fact  escaped  both  the 
teacher  and  his  hearers,  and  was  rediscovered  by  Jacobi,  and  also 
by  Spencer  and  Jordan,  although  no  doubt  the  discovery  depended 
upon  the  facts  elucidated  during  the  production  of  the  oonstant 
battery. 

Many  forms  and  combinations  of  elements  have  of  late  been 
devised  for  batteries,  but  for  electro-deposition  of  metals,  what  is 
needed  is  one  capable  of  affording  a  sufficient  quantity  of  eleo- 
tricity  with  moderate  intensity.  If  the  latter  be  too  great  a  good 
metallic  deposit  cannot  be  obtained,  for  the  metal  will  go  down 
in  a  granular  form,  or  even  in  powder.  Thus  I  have  produced 
deposits  of  gold  very  analogous  to  those  obtained  by  the  chemical 
action  of  reducing  agents,  simply  by  the  action  of  an  intensity 
current.  On  the  other  hand,  a  simple  quantity  arrangement  pro^ 
duces  the  deposit  very  slowly,  but  very  reguline  and  adherent  to 
the  cathode. 

The  battery  employed  in  large  electro-plating  manufactories  is 
generally  a  modification  of  the  old  WoUaston  battery  of  copper 
and  zinc  elements,  and  commonly  from  one  to  three  or  four  pain 
of  plates  are  found  sufficient,  but  for  smaller  work  about  six  cells 
of  Smee's  are  most  useful,  and  especially  for  silvering  and  gilding 
on  the  small  scale ;  and,  moreover,  in  the  best  forms  of  his 
battery  the  sets  of  plates  are  i;Lsually  so  arranged  in  a  frame  as  to 
admit  of  their  being  lowered  or  raised  in  the  acid  cells  by  means 
of  a  ratchet-wheel,  so  as  to  immerse  the  plates  to  any  desired 
extent,  according  to  the  battery  power  required,  as  also  to  allow 
of  very  speedy  alteration  or  adjustment  of  power.  An  operator 
of  much  experience,  Mr.  A.  Watt,  says,  that  he  has  found  Smee's 
far  from  economical,  and  somewhat  imcertain  in  its  action  ;  and 
perhaps  it  is  not  so  useful  in  large,  as  for  small  and  delicate 
operations,  for  which  the  author  has  much  employed  it,  and  with 


THB  PBIN0IPLB8  09  mJBCrRO-XXTAIXtTBGT.  557 

uniform  sucoess.  Watt  recommends  a  very  simple  battery  for  all 
purposes.  Each  cell  is  formed  by  a  four-gallon  stone-jar,  into 
"which  he  fits  a  cylinder  of  very  thin  copper;  from  the  top  of  the 
latter  a  strip  is  prolonged  for  the  positive  pole.  The  jar  is  covered 
by  a  wood  top,  and  by  a  central  hole  a  porous  cyUnder  is  pat  in 
for  a  zinc  bar  as  a  generating  plate.  In  the  top  of  this  a  copper 
wire  is  cast  for  a  negative  pole.  The  chai^  for  the  porous  cell 
is  a  concentrated  solution  of  common  salt,  to  which  a  few  drops 
of  hydrochloric  acid  are  added.  The  outer  jar  is  nearly  filled  with 
water,  to  which  two  pounds  of  sulphuric,  and  one  ounce  of  nitric 
acid,  are  added.  He  says  that  from  a  single  cell  a  *  considerable 
quantity  of  electricity  is  disengaged,  and  of  sufficient  intensity  for 
«mall  operations  such  as  gilding,  and  so  forth.'  But  for  deposition 
of  a  large  quantity  of  metal  in  a  given  time,  several  may  be  used 
and  alternated,  or  where  desirable  not  to  increase  intensity,  all 
the  coppers  and  all  the  zincs,  respectively,  may  be  united. 

The  art  of  electro  deposition  of  metals  now  forms  a  very 
extensive  branch  of  manufacture,  and  by  it  the  old  methods  of 
plating  are  almost  superseded,  and,  in  addition  to  many  metals, 
the  deposit  of  alloys,  as  brass,  German  silver,  or  alloys  of  gold  and 
silver,  are  readily  effected.  In  depositing  gold  however,  it  may 
be  effected  by  the  battery  with  so  smaU  a  covering  of  metal,  that 
it  will  soon  wear  off,  and  the  more  rapidly  from  the  softness  of 
gold,  pure  as  the  deposit  is ;  while,  on  the  other  hand,  gold  laid  on 
by  the  old  amalgam  method,  or  water-gilding,  must  be  laid  on 
tolerably  solidly,  or  it  will  not  stand  the  heat  necessary  for  driv- 
ing off  the  mercury.  Hence  the  latter  method  is  still  more  or 
less  used  for  some  works. 

Two  methods  of  electric  manipulation  are  in  use,  the  one 
wherein  the  battery  is  employed,  and  the  actual  operation  carried 
out  in  a  separate  or  decomposing  cell ;  the  other  one,  where  the 
body  on  which  the  deposit  is  to  be  formed,  is  made  the  negative 
plate  of  a  simple  voltaic  circuit,  this  is  called  the  single-ceU 
operation. 

To  commence  with  an  example  of  the  latter  or  more  simple 
method.     Suppose  it  is  desired  to  obtain  a  fac-simile  in  copper  of 
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a  medal  or  work  of  art,  which  will  not  be  injured  by  immersion  in 
the  copper  solution.  For  the  single-cell  process,  an  earthenware 
or  glass  jar  of  sufficient  size  is  arranged,  with  a  cylindrical  porous 
cell  placed  in  it  at  one  side.  Into  the  former  a  nearly  saturated 
solution  of  cupric  sulphate  is  put,  and  in  order  to  keep  the  liquid 
from  becoming  weakened  by  the  abstraction  of  its  copper  during 
the  operation,  a  small  quantity  of  the  salt  in  crystals  is  suspended 
in  the  solution,  in  a  colander  or  a  muslin  bag :  into  the  porous 
cell  dilute  sulphuric  acid  is  put,  one  part  of  strong  acid  b^ng 
mixed  with  from  seven  to  nine  parts  of  water.  Next  the  plates 
are  prepared,  the  positive  being  a  stout  strip  or  rod  of  zinc,  having 
its  surface  amalgamated  .with  mercury,  and  provided  with  a 
binding  screw  upon  its  upper  end  ;  then  the  medal  is  adapted,  by 
binding  a  clean  copper  wire  round  its  circumference ;  after  which 
the  reverse,  and  also  the  edge,  are  covered  with  some  non-con- 
ductor, as  a  coating  of  wax  for  instance,  while  the  surface  to  be 
deposited  upon  is  brushed  over  with  a  little  black-lead ;  the  first 
prevents  the  deposit  taking  place  where  the  wax  covers,  otherwise 
the  medal  would  be  actually  encased  in  copper,  and  the  second 
ensures  its  ready  separation  from  the  surface  of  the  medaL 

The  zinc  plate  is  now  immersed  in  the  acid  of  the  inner  porous 
cell,  and  the  medal  thus  prepared  is  put  into  the  outer  copper 
solution,  then  on  bending  the  wire  over  to  the  binding  screw  of 
the  zinc,  and  clamping  the  two  firmly  together,  action  com- 
mences, and  the  deposit  forms  over  all  parts  of  the  medal  un- 
covered by  the  wax ;  the  operation  is  then  carried  on  from  one  to 
several  hours,  or  even  a  day  Or  two,  according  to  the  thickness  of 
metal  it  may  be  desirable  to  form.  When  the  proper  substance 
has  been  deposited,  the  medal  is  removed,  and  the  deposit  taken 
off,  next  the  waxed  and  black-leaded  surfaces  are  changed,  and  the 
same  operation  then  carried  on  upon  the  reverse  side. 

But  it  will  at  once  be  seen  that  the  relief  parts  of  the  medal 
must  be  reversed  in  these  copies,  therefore  the  latter  have  now 
conducting  wires  soldered  upon  them,  and  are  then  employed  in  a 
similar  way  as  matrices,  in  which  to  deposit  metal  again,  which 
second  pair  will  be  exact  copies  of  the  original  medal 
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Now,  although  the  simplicity  of  the  process  just  described 
strongly  recommends  it,  and  renders  it  very  applicable  to  opera- 
tions upon  small  objects,  it  is  difficult  to  exercise  that  control  over 
the  nature  and  rate  of  deposit  which  may  be  easily  obtained  by 
employing  the  battery ;  hence,  for  all  works  upon  the  larger  scale, 
a  separate  cell  connected  with  a  battery  is  to  be  preferred,  as 
affording  these  facilities,  and  at  the  same  time  enabling  the 
operator  to  maintain  his  solution  in  more  uniform  condition. 

In  extensive  electro-metallurgic  works  the  decomposing  cell  is 
usually  a  large  trough,  but  for  operations  of  moderate  size  a  lai^ 
glass  or  stoneware  jar  answers  best,  and  particularly  for  working 
upon  gold  or  silver  solutions,  as  these  require  to  be  kept  at  a 
tolerably  warm  temperature  by  artificial  means  during  the  pro- 
gress of  the  deposition.  A  metal  bar  carried  across,  and  resting 
upon  the  upper  edge  of  the  jar,  is  provided  with  a  binding  screw, 
by  which  to  attach  it  to  the  positive  pole,  or  wire  proceeding  from 
the  first  silver  plate  of  the  battery.  A  similar  one  is  placed 
parallel  to  the  first,  and  at  the  opposite  side  of  the  jar,  this  is 
attached  to  the  negative  pole,  or  wire  proceeding  from  the  last 
zinc  plate.  These  are  made  capable  of  regulating  the  distance 
between  them  as  desired,  for  this  is  one  means  of  controlling  the 
rate  of  the  deposition.  Then  the  jar  being  filled  with  a  somewhat 
dilute  solution  of  the  metal  about  to  be  employed,  a  plate  of  the 
same  metal  is  to  be  attached  to  the  first  metallic  bar,  in  connexion 
with  the  positive  wire  from  the  battery.  Lastly,  from  the  second 
'bar  (and  negative  wire)  the  article  or  mould  upon  which  the 
deposit  is  to  be  made,  is  hung,  or  indeed  any  number  which  the 
bar  will  carry,  care  being  taken  that  all  the  metallic  contacts  are 
perfect  throughout,  from  the  last  zinc  plate  of  the  battery  to  the 
actual  surfaces  of  the  moulds.  The  addition  of  the  metallic  salt 
to  the  decomposing  cell,  renders  it  a  better  conductor  of  the 
current,  but,  as  regards  the  deposit  itself,  metal  for  that  is  conti- 
nuously supplied  by  the  gradual  solution  of  the  suspended  plate, 
which  takes  place  under  the  influence  of  the  battery  current 
setting  fred  in  the  liquid  the  elements  for  dissolving  the  anode  or 
positive  plate  of  the  decomposing  celL 
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Thui  all  ooonexions  being  perfeotlj  establiahedy  the  deposit 
wiU  proceed.  Its  rate,  and  also  its  texture,  however,  will  be 
regulated  by  the  following  points:  ist.  The  strength  of  the 
solution,  and  consequent  conducting  power  ;  and,  the  tempeim- 
ture ;  3rd,  the  amoimt  of  sur&ce  of  anode  immersed  in  the 
solution,  and  consequently  being  dissolved;  4th,  the  dqgree  ef 
battery  power;  and  last,  the  distance  between  the  anode  and 
cathode  in  the  oelL 

If  these  points  are  well  balanoed,  the  foimat^n  will  be 
uniform  in  texture,  tough  and  coherent,  and  the  dower  the  rate 
of  deposit  the  harder  it  wiU  beu  But,  if  the  solution  be  too 
strong,  or  the  battery  power  too  intense,  or  if  any  one  of.  <he 
foregoing  conditions  be  in  excess,  the  deposit  will  be  granular  and 
non-adherent,  so  as  to  drop  off  the  mould  into  the  solutaon. 
Or  it  may  go  beyond  this  and  be  thrown  down  quite  pulTeruknt 

During  the  operation,  and  particularly  where  it  is  performed 
by  the  batteiy  and  a  decomposing  cell,  it  is  necessary  to  keep  the 
liquid  well  mixed  by  occasional  stirring,  otherwise  that  portion 
surrounding  the  positive  plate  is  i^  to  become  unduly  chaiged 
with  metallic  salt,  while  at  the  negative  plate  it  becomes  com- 
paratively weak.  Under  such  circumstances  a  gold  deposit  will 
be  of  a  dull  brown  colour,  non-adherent,  and  bad,  but  on  agitation 
improvement  of  the  deposit  is  soon  evidenced  by  restoration  of  a 
good  colour. 

For  ordinary  work  the  operation  should  always  be  conixnenoed 
with  a  moderate  battery  power,  and  increased  as  seen  to  be 
needfnl,  and  the  amount  of  power  to  be  put  on  may  be  deter- 
mined, and  apportioned  according  to  the  experience  of  the 
operator,  and  judged  of  by  the  examination  of  the  deposited 
metal  as  it  proceeds ;  but  there  are  cases  where  extreme  can  is 
needed,  both  as  to  the  nature  and  amount  of  deposit,  and  where 
•consequently  more  determinate  means  must  be  employed  to 
ensure  the  perfection  of  the  process.  Thus  it  is  customaiy  to 
divide  the  wire  proceeding  from  the  sine  of  the  battery  and 
interpose  a  galvanometer  needle.  Then  in  working,  the  batteiy 
plates  are  immersed  to  just  the  depth  which  will  deflect  the 
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needle  to  a  point,  whereat  by  experience  the  deposit  is  known  to 
form  in  a  close  and  coherent  manner. 

Before  leaving  these  points  of  manipulation  it  may  be  ob- 
served, that  without  attention  to  the  renewal  of  its  acid  some 
forms  of  battery  will  diminish  in  power,  and  the  operation  con- 
sequently go  on  very  unsatisfactorily  from  saturation  of  the  liquid 
with  zincic  sulphate;  the  time  for  attention  to  this  is  indicated 
by  the  amount  of  work  which  has  been  done,  as  also  by  the  state 
of  the  zinc  plates,  and  when  once  the  latter  have  become  bare  of 
amalgamation,  their  solution  goes  on  very  far  in  advance  of  the 
amount  of  work  done.  Fresh  acid  must  therefore  be  supplied 
from  time  to  time ;  and  if,  as  is  sometimes  the  case,  reduction  of 
the  zinc  has  taken  place  upon  the  platinized  silver  of  Smee's 
arrangement,  the  remedy  consists  in  removing  the  zincs,  and 
dipping  the  silvers  for  a  short  time  in  some  dilute  sulphuric  acid, 
which  will  cleanse  them  perfectly. 

The  solution  employed  for  depositing  copper  in  all  ordinary 
cases  is  made  by  dissolving  the  sulphate  of  commerce  in  water, 
and  then  adding  a  small  quantity  of  sulphuric  acid.  If  the 
solution  required  is  for  a  single  cell,  it  is  made  nearly  saturated, 
and  the  acid  subsequently  added ;  but  if  it  be  for  use  in  a  de- 
composing cell,  a  weaker  one  is  employed,  made  by  dissolving  a 
pound  of  the  salt  in  7  or  8  pounds  of  water,  and  to  this  it  is 
usual  to  add  about  1 4  ounces  of  sulphuric  acid. 

But  this  ordinary  solution  will  not  serve  for  depositing  upon 
iron,  steel,  or  any  of  the  more  electro-positive  metals.  Tliis  may 
be  effected  by  employing  the  double  cyanide  of  potassium  and 
copper, — a  salt  easily  prepared  as  follows : — Potassic  cyanide 
solution  is  added  to  one  of  cupric  sulphate  ;  thus  a  gi-een  preci- 
pitate falls,  which  is  to  be  removed,  washed,  and  dissolved  in  a 
solution  of  potassic  cyanide,  and,  after  diluting  considerably,  is 
ready  for  use.  Care  must  be  taken  not  to  inhale  the  gas  evolved 
during  the  preparation  of  the  cupric  cyanide,  as  it  is  very 
poisonous. 

As  articles  of  iron  or  zinc  are  liable  to  be  soiled  by  grease  or 
oxide,  they  must  be  perfectly  cleansed  before  attempting  to  coat 
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them.  For  this  (as  for  similar  uses)  a  strong  solution  of  caustic 
potassa  is  used,  and  may,  therefore,  be  prepared  in  quantity  by 
dissolving  conmiercial  pearlash,  and  adding  half  its  weight  of 
powdered  quick-lime  to  it.  After  standing  about  24  houns,  the 
clear  solution  may  be  poured  oflf  for  use. 

After  cleansing  iron  articles  by  this,  they  are  to  be  washed  a 
second  time,  but  with  dilute  sulphuric  acid  containing  a  little 
hydrochloric  also,  and,  after  this,  a  good  brushing  with  some  fine 
sand,  and,  lastly,  washing  with  clean  water,  will  leave  them  ready 
for  coating.  The  decomposing  cell  for  this  operation  should  be 
kept  at  a  temperature  of  about  i6o^F.,  or  71°  C;  and  as  the 
operation  is  altogether  more  troublesome  than  with  the  ordinary 
solution,  as  soon  as  a  good  adherent  deposit  is  down,  the  work  may 
be  removed  and  completed  in  a  sulphate  solution  in  the  ordinaiy 
way.  In  order  to  get  the  first  film  firom  the  cyanide  solution,  the 
battery  power  must  be  considerable,  so  as  to  keep  up  evolution 
of  hydrogen  from  th^  iron  surface,  during  the  deposition  of  the 
copper. 

The  deposition  of  gold  or  silver,  as  analogous  operations  may 
be  considered  together,  and  if  performed  by  the  single  cell  process, 
in  consequence  of  the  expensive  material  we  are  dealing  with,  a 
different  arrangement  may  be  made  of  its  parts,  especially  where 
the  article  to  be  covered  is  smalL  The  cell  may,  therefore,  be 
constructed  by  putting  the  zinc  or  positive  metal  with  the  sulphuric 
acid  in  the  external  or  larger  vessel.  In  the  centre  of  this  is  put 
the  porous  pot,  and  into  this  the  gold  or  silver  solution,  and  on 
connexion  of  the  mould  with  the  zinc  plate,  action  will  be  carried 
on  just  as  in  the  opposite  arrangement. 

But  for  silvering  or  gilding,  it  is  again  absolutely  essential,  in 
order  to  obtain  a  thoroughly  adherent  deposit,  that  the  surface  of 
the  metal  to  receive  it  be  scrupulously  clean ;  hence  the  first 
step,  especially  with  any  old  metallic  surface,  consists  in  well 
washing  it  in  caustic  potassa,  and  subsequently  in  clean  distilled 
water.  In  addition  to  this,  in  some  cases  the  article  is  quickly 
dipped  in  nitric  acid  and  washed,  or  else  slightly  scratched  by  a 
coarse  scratch-brush,  so  as  to  destroy  the  perfectly  smooth  surface 
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which  would  not  afford  so  firm  a  hold  for  the  deposited  metal  as  a 
slightly  roughened  one. 

The  solutions  either  for  gold  or  silver  may  be  prepared  by  the 
battery  itself,  and  an  ingenious  operator  (Mr.  Ladd)  has  been  for 
some  years  in  the  habit  of  thus  dispensing  with  all  strictly  chemical 
processes  in  their  preparation.  He  first  makes  a  clean  solution  of 
potassic  cyanide  in  distilled  water,  employing  about  {  oz.  of  salt  to 
30  ozs.  of  water.  This  is  put  into  the  decomposing  cell :  next  the 
gold,  or  silver  plate  or  pole,  (according  to  the  solution  required)  is 
attached  to  the  cell  bar  connected  with  the  last  silver  of  the 
battery ;  then  placing  a  porous  pot  in  the  solution  m  the  cell,  a 
sheet  of  copper  is  put  into  this,  and  connected  with  the  last  zinc  of 
the  battery  ;  then  upon  putting  the  latter  into  action,  the  cyanide 
will  be  decomposed,  and  the  gold  or  silver  plate  slowly  dissolved ; 
but  as  the  copper  plate,  by  being  placed  in  the  porous  pot,  is  pro- 
tected from  the  deposition  of  the  dissolved  metal,  the  latter  is 
taken  into  solution  in  the  fluid  of  the  cell,  as  a  double  cyanide  of 
gold,  or  of  silver,  and  potassium,  and  when  the  porous  cell  and 
copper  are  removed,  is  ready  for  use. 

The  amount  of  gold  or  silver  so  dissolved  may  be  controlled  to 
a  nicety  by  weighing  the  plate  before  the  operation,  and  occasionally 
during  its  progress,  until  the  proper  richness  is  arrived  at  For 
silver,  a  solution  to  work  well  should  contain  about  i  oz.  of  silver 
in  50  oz.,  and  for  gold  i  oz.  in  loo  will  generally  be  sufficient. 
This  plan  of  preparing  solutions  is  now  used  in  some  of  the  larger 
electro-plating  works. 

But  it  is  at  times  necessary  for  single  cell  operations  to  pre- 
pare the  solutions  in  the  ordinary  way.  The  following  formula) 
will  afford  good  results  : — 

For  silver,  a  solution  of  pure  nitrate  is  first  made,  and  potassic 
cyanide  added  to  precipitate  the  whole  of  the  silver  as  cyanide ; 
but  the  addition  must  be  made  cautiously,  as  the  argentic  cyanide 
is  soluble  in  excess  of  the  precipitant.  Should  too  much  be  added, 
the  precipitate  may  be  recovered  by  the  addition  of  more  argentic 
nitrate,  until  saturation  is  exactly  arrived  at.  Next,  separate  the 
precipitate  by  decantation,  and  well  wash  it,  and  then  dissolve  in 
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potaasic  cyanide,  in  the  proportion  of  about  three  parts  of  the 
latter  to  one  of  the  silver  aalt  ;  this  is  then  diluted  to  a  proper 
strength  For  use.  But,  in  order  to  avoid  chances  of  loss  by  the 
preparation  of  the  argentic  cyanide,  the  argentic  nitrate  may  be 
precipitated  as  oiide  (see  page  IJS)-  This,  when  well  washed, 
may  be  dissolTed  in  the  potassio  cyanide  solution  as  before. 

The  gold  solution  ia  made  by  first  preparing  a  clear  aolntion  of 
pure  auric  chloride  (see  page  26;).  To  this  strong  solution  of 
potassic  cyanide  is  added,  stirring  at  the  same  time,  brisk  effenfea- 
cence  taJces  place,  and  a  brown  precipitate  falls.  The  cyanide  is, 
therefore,  added  cautiously  as  long  as  this  takes  place.  Next,  the 
separated  precipitate  is  well  washed,  and  dissolved  in  a  aolutioD  of 
potassic  cyanide,  containing  about  seven  parts  of  the  aalt  for  every 
one  of  gold  in  solution.  This  may  now  be  employed  for  gilding, 
although  some  operators  again  evaporate  to  drynesa,  re-dissolve  in 
boiling  water,  and  filter  before  using. 

In  depositing  gold  or  silver,  the  operation  ia  best  performed  at 
a  temperature  of  from  130°  to  ijQ°¥.,  or  55°  to  76°  C.  This  ia 
coiiveoiently  carried  out  by  using  an  enamotled  iron  pot  of  wat«r, 
and  keeping  it  hot  by  a  ring  gas-burner  ;  this  forms  a  water-bath, 
in  which  the  decomposing  ccir  ia  placed  ;  and  in  case  of  accidental 
fmcture  of  the  latter,  forms  a  clean  receptacle  for  the  valuable 

The  manipulation  employed  by  Messrs.  Ladd  and  Oertling  in 
gilding  the  Government  standard  weights,  and  hydrometers,  and 
the  like  delicate  instruments,  may  be  detailed  aa  affording  a 
flood  example  of  the  requisite  practice  to  insure  perfect  workman- 
ship. 

The  metal  being  first  carefully  cleaned  by  potassa,  is  immersed 
in  the  silver  bath  (of  proper  temperature),  and  the  battery  plates 
Ijeing  lowered  in  their  cells,  a  thin  coat  of  silver  ia  first  given,  aa 
it  is  found  that  thia  metal  ia  if  anything  more  adherent,  and 
forma  a  good  foimdatton  for  gold  :  the  i nstrumeatajra  removed  i 
a  few  niinutca,  and  thoroughly  brushed 
Bcratcli-brush  revolved  by  &  Uthe;  thus  the  n 
is  thoroughly  burnished  dmm,  wbSib,  *t  the  ■ 
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of  solution  retained  under  the  yet  porous  coat  of  silver  are 
squeezed  out  by  this  treatment.  After  a  second  coat  of  silver  and 
again  burnishing,  the  work  is  transferred  to  the  gilding  cell,  and 
the  operation  carried  on  in  the  same  way,  alternately  gilding  and 
burnishing  imtil  the  requisite  quantity  of  metal  has  been  put  on. 
If  the  work  be  weighed  before  and  after  one  of  these  bumishings, 
it  will  be  found  that  little  or  no  metal  is  taken  off,  but  that  it 
acts  just  as  a  smooth  burnisher, would,  viz.  by  laying  the  coating 
solidly  down.  This  example  is  one  where  extreme  nicety  is 
needed,  but  the  gilding  or  silvering  of  articles  purely  ornamental, 
may  be  effected  with  much  less  care  and  mechanical  detail. 

For  depositing  silver  the  power  of  the  battery  needs  not  to  be 
very  strong,  in  which  case  however,  a  soft  deposit  is  formed ;  if 
it  be  required  harder,  it  can  be  readily  obtained  by  employing 
more  power ;  but,  on  the  other  hand,  too  much  will  cause  the 
metal  to  separate  in  a  pulverulent  form.  The  suspended  silver 
pole  should  present  a  considerable  surface  towards  the  article  to 
be  coated. 

The  colour  of  the  metal  will  be  perfectly  white,  and  with 
somewhat  of  a  milky  hue ;  the  bruRh  immediately  burnishes  this  ; 
but,  if  necessary,  silver  may  be  deposited  perfectly  bright  and 
lustrous,  by  the  addition  of  carbon  disulphide  to  the  solution,  to 
the  extent  of  about  6  drachms  to  the  pint.  The  mixture  must 
stand  some  days  before  using. 

In  depositing  gold,  the  moment  the  article  is  immersed,  it  will 
be  covered  with  a  thorough  coating,  although,  of  course,  exces- 
sively thin ;  but  such  a  film  would  merely  give  colour,  and  not 
stand  wear.  Moreover,  as  this  metal,  in  the  pure  state  in  which  it 
is  deposited,  is  naturally  very  soft,  even  after  burnishing,  the  coat- 
ing must  be  tolerably  thick. 

The  deposit  of  gold  may  be  considered  good  if,  on  removing 
the  article,  it  appears  of  a  brownish-yellow  colour ;  this  affords  a 
burnished  surface  of  the  colour  of  pure  gold ;  but  here  again,  as 
in  silver,  a  pulverulent  deposit  will  result  particularly  from  too 
much  battory  power,  and  this  will  be  evidenced  by  the  dark- 
brown  colour  of  the  metal  when  taken  out  of  the  cell. 
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It  is  often  required  to  gild  articles  of  iron  or  steel,  but  it  is 
very  difficult  to  get  the  metal  adherent;  and,  although  it  will 
cover  well,  it  rubs  off  by  the  least  friction.  In  such  a  case  a  solid 
coating  may  be  effected  by  first  depositing  a  film  of  copper  from 
the  double'  cyanide,  as  described,  which  will  become  perfectly 
adherent  upon  the  steel,  after  which  the  gold  will  also  become 
firmly  so  upon  the  copper  coat. 

Platinum,  and  also  palladium,  may  be  deposited  much  in  the 
same  manner  as  gold,  in  both  cases  working  the  solutions  warm. 
Palladium  is  tolerably  easily  worked.  The  solution  for  this  may 
be  made  by  dissolving  palladium  in  aqua  regia,  evaporating,  and 
after  precipitating  it  by  means  of  potassic  cyanide,  redissolving 
the  precipitate  in  a  small  excess  of  the  latter  salt  A  palladium 
anode  is  then  used,  with  this  solution  in  the  decomposing  celL 

Platinum  is  more  difficult  of  deposition  in  the  reguline  form, 
and  only  to  be  effected  by  using  a  very  weak  battery  power, 
with  a  small  platinum  anode ;  otherwise,  if  the  power  be  at  all 
strong,  the  metal  is  deposited  as  platinum  black.  Thus,  on  the 
other  hand,  the  pulverulent  metal  is  thrown  down  upon  silver  for 
the  plates  of  Smee's  battery,  by  using  a  tolerably  strong  batteiy 
power  upon  a  double  chloride  of  platinum  and  sodium,  the  salt 
being  acidulated  slightly  with  a  little  sulphuric  acid. 

In  working  platinum,  as  the  metal  of  the  anode  is  not  taken 
into  solution  by  the  body  evolved  upon  it,  the  platinum  com- 
pound employed  for  electrolysis  must  be  supplied  to  the  solution 
from  time  to  time,  as  the  metal  is  deposited,  and  removed  frt>m  it 
One  of  the  following  solutions  may  be  used  :  — 

I  St.  A  double  chloride  of  platinima  and  sodium,  made  by  com- 
bining atomic  proportions  of  platinic  and  sodic  chlorides.  This 
salt  is  dissolved  in  water  for  use. 

Or  2nd.  An  ordinary  solution  of  platinic  chloride  may  be  pre- 
cipitated by  potassic  cyanide,  and  the  precipitate  afterwards  re- 
dissolvcd  in  slight  excess  of  the  latter. 

Or  3rd.  A  solution  of  platinic  chloride  may  be  made  equal  to 
ten  parts  of  metal ;  this  is  treated  with  ten  parts  of  caustic  potass. 
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The  precipitate  thrown  down'  is  then  boiled  in  seventy  of  oxalic 
acid,  and  after  filtering,  thirty  of  caustic  potass  added  to  it. 

The  solution  for  depositing  platinum  should  contain  about 
half  an  ounce  of  the  metal  in  loo  ounces  of  solution. 

Nickel  is  now  much  employed  for  covering  other  metals,  for 
the  bright  silvery  surface  afiforded  is  but  little  altered  by  ordinary 
use.  Pence  it  has  come  into  considerable  use  for  fine  weights, 
and  for  coating  mathematical  and  surgical  instruments,  and  other 
ordinary  purposes.  The  salt  employed  is  the  double  sulphate  of 
nickel  and  ammonium ;  but  there  is  some  imcertainty  and  diffi- 
culty in  working  it  by  the  battery.  A  company  is  now  carrying 
on  the  process  of  nickel  plating  in  London. 

Zinc,  cadmium,  tin,  bismuth,  and  antimony,  are  all  easily 
thrown  down,  but  none  of  them  have  any  practical  importance. 

Lastly,  alloys,  as  brass,  bronze,  aUoys  of  gold  with  silver,  &c,, 
may  be  deposited,  but  they  are  manipulated  with  more  or  less 
difficulty,  and  hence  require  much  care  in  working.  I  have  lately 
been  engaged  in  the  deposit  of  definite  alloys  of  gold  with  silver, 
and  have  succeeded  in  depositing  them  identical  in  composition 
to  that  of  the  anode  employed.  For  instance,  with  an  anode  of 
four  parts  of  gold  with  one  of  silver  I  first  made  a  solution  for  the 
decomposing  cell  of  just  these  relative  proportions,  doing  this  by 
electrolysing  potassic  cyanide  with  a  plate  of  fine  gold  and  another 
of  silver,  as  already  described.  The  cell  charged  with  this,  and  the 
anode  immersed,  a  platinum  cathode  was  used  to  deposit  upon. 
On  this  a  clean  plate  of  the  alloy  was  put  by  a  four-cell  Smee's 
battery.  The  colour  of  the  plate  was  just  the  greenish  one  of  the 
anode  ;  1 1  '96  grains  were  removed  after  a  time  for  examination, 
and  dissolved  in  aqua  regia,  the  gold  solution  carefully  poured  off 
and  reduced,  this  gave  97  grains  of  gold.  The  silver  was  esti- 
mated from  the  residual  chloride,  which  was  well  washed  and 
carefully  dried  in  a  small  flask  and  then  weighed.  The  argentic 
chloride  was  next  dissolved  out  by  means  of  ammonia,  and  on 
weighing  the  empty  flask  just  3  grains  of  chloride  were  found  to 
have  been  removed,  corresponding  to  2*26  of  silver.     This  very 
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nearly  resembled  the  composition  of  the  anode,  viz.,  ^th  of  silver 
to  ^ths  gold.  The  difference  in  the  silver  between  the  2*26  grains 
found  and  2*42  the  actual  proportion,  being  no  doubt  due  to  loss 
in  the  manipulation. 

A  variety  of  materials  have  been  employed  for  forming  moulds, 
upon  which,  however,  copper  is  usually  first  deposited.      The  non- 
conducting ones  are  formed  of  plaster  of  Paris,  mixtures  of  stearine 
and  wax,  gutta  percha,  either  alone  or  mixed  with  other  plastic 
materials,  together  with    some  other  compounds,  the  materials 
being  selected  according  to  the  nature  of  the  object  to  be  moulded. 
All  these  require  to  have  some  conducting  material  over  their 
surface  for  deposition  upon,  and  the  substance  suggested  by  Mr. 
Murray,  viz.,  good  black-lead,  is  found  to  answer  most  efficiently. 

In  using  plaster  of  Paris,  the  mould  being  taken  in  this  ma- 
terial, is  next  rendered  impervious  to  the  metallic  solution  by 
placing  it  face  upwards  in  a  tray  of  melted  wax.  On  watching 
it  the  wax  will  be  seen  to  rise  to  the  surface  of  the  plaster  by 
absorption  through  its  texture.  It  is  then  removed,  and,  when 
cold,  brushed  carefully  over  with  good  black-lead,  by  means  of 
a  soft  brush,  and  the  conducting  wire  having  been  previously 
inserted,  the  plumbago  is  continued  well  on  to  this. 

A  good  formula  for  a  stearine  compoimd  is  given  hj  Mr.  Watt 
It  is  8  oz.  of  stearine  to  6  of  wax  and  i  of  spermaceti.  These  are 
melted  together,  and  then  an  ounce  of  plumbic  carbonate  is  stirred 
in.  The  latter  adds  to  the  specific  gravity  of  the  mixture,  and  so 
prevents  the  tendency  of  the  mould  to  float  in  the  solution.  It 
is  used  by  melting  it  and  pouring  upon  the  object,  care  being 
taken  to  stir  out  air-bubbles,  if  formed. 

Gutta-percha  may  be  used  alone,  being  softened  by  heat,  but 
the  surface  of  the  work  to  be  copied  must  be  slightly  greased  with 
oil  before  its  application.  It  is  then  kneaded  over  it,  and  when 
covered,  a  piece  of  wood  is  laid  upon  it,  also  greased  to  prevent 
adhesion,  and  upon  all  a  weight.  When  cold  it  may  be  taken 
off.  Moulds  may  thus  be  obtained  in  gutta-percha  from  plaster 
casts. 

Mr.  Gore  mixes  marine  glue  with  the  gutta-percha,  in  the  pro^ 
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portion  of  one  part  of  the  former  to  two  of  the  latter.  The  marine 
glue  is  molted  in  an  iron  ladle,  and  the  gutta-percha  then  added 
in  small  pieces,  and  the  two,  when  completely  melted,  are  to  be 
well  mixed.  Gore  states  that  moulds  of  this  material  may  be 
employed  with  care  for  several  deposits ;  that  it  takes  the  plum- 
bago better  than  gutta-percha  alone,  and  in  casting  will  receive  a 
sharper  impression,  and  is  easily  removable  from  the  originaL 
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The  very  great  variety  of  systems  of  weights  and  measures  em- 
ployed in  various  countries  has  been  a  great  hindrance  to  scientific 
intercommunication  of  ideas  ;  and,  as  the  records  of  the  labours  of 
men  of  various  nations  have  become  more  universally  circulated,  so 
has  the  need  been  felt  of  some  one  common  system  of  weights  and . 
measures,  until  it  has  at  length  led  to  a  pretty  general  employ- 
ment of  the  French  metrical  system  in  our  laboratories,  as  also  in 
scientific  writings,  and  the  gramme  for  weight,  with  the  cubic 
centimetre  and  the  litre  for  measure,  have  almost  universally 
become  the  respective  standards  for  each  class  of  quantities. 

In  this  excellent  system  the  denominations  of  length,  surface, 
capacity,  solidity,  and  weight,  are  all  formed  from  one  fundamental 
standard,  viz.,  from  a  measurement  of  a  portion  of  the  earth's  cir- 
cumference. This  standard,  the  metre,  is  presumed  to  be  a  ten- 
millionth  part  of  a  meridian  line,  drawn  from  the  pole  to  the 
equator.  This  is  the  lineal  French  metre,  and  is  a  measure  slightly 
exceeding  our  English  yard,  for  i  metre  equals  1*093633  yards. 

For  surface  measure  this  metre  is  squared  and  the  Are  is  the 
unit,  and  is  equal  to  100  square  metres,  or  1 19*6033  square  yards  ; 
but  for  smaller  uses  the  square  metre  is  subdivided  decimally  into 
the  decimetre,  centimetre,  and  millimetre. 

Next,  the  square  metre  is  cubed  to  obtain  measures  of  capacity 
and  of  solidity.     Then  taking  a  cubic  metre,  and  dividing  it  into 
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I  million  parts,  or  in  other  words,  taking  the  T^^th  of  the  linear 
metre,  and  cubing  that  we  get  the  cubic  centimetre,  and  have  a 
measure  which,  of  distilled  water  at  its  maximum  density,  viz., 
at  4°  Cent  will  just  equal  15 -434  English  grains.  This  weight  is 
called  the  gramme,  and  constitutes  the  standard  or  unit  of  weight. 

Lastly,  1000    cubic    centimetres    give    the   litre    or   unit   of 
capacity.     This  just  equals  1 7608  English  pints. 

The  following  are  the  various  English  corresponding  quantities 
to  the  three  principal  denomitiations  : — 

Metrical  unit:    Metre  =  ro93633  yard,  or  3*2809  feet,  or 
39*3708  in. 

Weight  unit :  Gramme  =  1 5*434  grains,  or  0*002204  pound. 

Capacity  unit:  Litre   =0*220096  imp.  gall.,  or   17608  imp. 
pint,  or  61*02705  cubic  inches. 


Length 

Millimetre 

Centimetre 

Decimetre 

Metre 

Decametre 

Hectometre 

Kilometre 

Myriometre 


Measures, 

English  Inches. 

•03937 
•39370 

393708 

39*37080 

393*70800 

3937*08000 

39370*80000 

393708 'OOOOO 


Weight  Measures, 


Milligramme 

Centigramme 

Decigramme 

Gramme 

Decagramme 

Hectogramme 

Kilogramme 

Myriogramme 


•0154 

•»543 
"•5434 

>  54340 

>  543400 

1543-4000 

154.340000 

154340-0000 


Capaxdty  Measures, 


Millilitre 

Centilitre 

Decilitre 

Litre 

Decalitre 

Hectolitre 

Kilolitre 

Myriolitre 


Cubic  Inches. 

•061027 

-610270 

6*102705 

61*027051 

610*270510 

6102*705100 

61027-051000 

610270*510000 
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The  number  of  metals  foimd  in  combination  with  chlorine  in  a 
native  condition  is  very  small.  The  chloride  most  abundant  in 
quantity  is  that  of  sodium  ;  very  extensive  beds  of  sodic  chloride 
are  found  at  Northwich  in  Cheshire,  also  at  Durham,  in  Ireland 
at  Belfast.     Then  on  the  Continent  in  Spain  and  Poland. 

2nd.  Potassium  and  magnesium  exist  as  a  double  chloride  in 
the  mineral  camallite  (see  p.  536),  and  this  is  not  only  worked  for 
magnesium,  but  also  for  separation  of  its  potassic  chloride. 

3rd.  Silver  is  found  in  combination  with  chlorine  as  horn  silver, 
this  mineral  as  already  stated  (p.  152),  forms  the  silver  ore  of  the 
Chilian  mines. 

4th.  Besides  these,  mercury  is  found  as  chloride  or  native 
calomel.  This  form  known  as  horn  quicksilver,  is  found  in  con- 
siderable quantity  in  the  Idrian  works. 


Fletcher,  of  Warrington,  has  devised  some  very  useful  forms 
of  gas  apparatus  for  the  smaller  uses  of  the  experimental  labora^ 
tory.  Of  these  his  *  hot-blast  blowpipe'  may  be  first  noticed.  In 
this  the  second  tube  or  blast  is  coiled  round  the  jet,  and  below 
them  are  placed  three  small  separate  Bunsen  burners,  by  which 
both  the  gas-jet  and  ingoing  blast  of  air  are  heated  up  to  a  high 
temperature ;  by  this  means  Fletcher  has  melted  3  oz.  of  gold 
7hen  supported  on  pumice-stone. 

This  blowpipe  may  be  used  either  with  or  without  the  hot 
bli.  St. 

For  his  *  double-jacketed  furnace,'  which  he  employs  for 
melting  purposes,  as  also  with  a  small  muffle,  he  uses  a  com- 
pound Bunsen  of  55  jets,  which,  he  says,  is  imapproached  in 
heating  power,  for  general  purposes,  by  any  burner  not  requiring 
a  blast,  which  has  yet  been  made,  and  that  it  will  melt  3  to  4 
oimces  of  cast  iron  in  35  minutes,  used  with  a  3-ft.  chimney. 
It  consumes  from  1 8  to  30  cubic  feet  of  gas  per  hour,  dependent 
upon  length  of  chimney  and  draught 
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In  making  iron  assays  by  Penny's  method  (see  page  417),  too 
large  a  weiglit  of  ore  is  to  be  avoided,  for  some  ores,  especially 
some  of  the  oxides,  are  not  easy  of  solution  in  acid.  Again,  in 
the  case  of  our  black-band  ores,  the  bituminous  matter  in  them 
will  not  be  dissolved,  but  remain  suspended  in  the  assay  solution, 
and  much  hinder  the  operation. 


The  estimation  of  carbon  in  iron  is  made  by  converting  it 
into  carbonic  anhydride,  and  collecting  this  as  in  ordinary  opera- 
tions of  organic  analysis,  then  from  its  amount  calculating  the 
quantity  of  carbon  present.  About  50  grains  of  the  iron  are 
taken  in  fine  filings  and  mixed  with  about  500  of  cupric  oxide  (or 
plimibic  chromate),  these  are  put  in  an  ordinary  combustion- 
tube,  to  one  end  of  which  is  connected  a  Liebig's  bulb  potash 
tube,  charged  and  weighed ;  to  the  other  a  tube  for  carrying  in 
oxygen  gas  is  attached.  The  combustion-tube  is  arranged  in  a 
combustion  furnace  and  heated,  beginning  at  the  end  next  the 
potash  apparatus,  and  carried  gradually  to  the  other  end  till  it  is 
ail  red  hot,  a  stream  of  oxygen  being  slowly  passed  through  at  the 
same  time.  The  operation  over,  the  potash-tube  is  removed  and 
weighed,  and  the  carbon  calculated  from  the  amount  of  carbonic 
anhydride  absorbed. 

To  determine  the  amount  of  uncombined  carbon  or  graphite, 
another  portion  of  iron  is  dissolved  in  hydrochloric  acid,  the 
solution  filtered,  and  the  residue  washed  with  water,  then  with 
potash,  and  lastly  with  ether.  It  is  then  dried  at  212°  F.  or 
100°  C,  and  weighed  in  a  covered  crucible.  It  is  then  burned, 
and  there  will  be  a  portion  of  silica  left  imbumed,  which  must  be 
deducted  from  the  weight  found  before  burning ;  the  loss,  as  shown 
by  again  weighing,  is  due  to  graphite  or  uncombined  carbon. 
Then  this  deducted  from  the  first  carbon  estimation  by  com- 
bustion, will  leave  the  weight  of  combined  carbon. 

Silicon  is  estimated  in  iron  by  solution  of  a  weighed  quantity 
in  hydrochloric  acid.  This  is  evaporated  to  dryness,  then  treated 
with  a  small  quantity  of  strong  hydrochloric  acid,  and  afberwards 
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with  water,  to  dissolve  soluble  matters.  The  residue  is  filtered 
out  and  burned,  to  get  rid  of  graphite.  This  latter  residue  is 
silica,  from  which  the  silicon  is  to  be  estimated. 

Fresenius  estimates  sulphur  in  iron  by  acting  on  about 
lo  grammes  in  very  fine  division  by  hydrochloric  acid  in  a  flask 
furnished  with  a  funnel  safety  tube  for  admission  of  the  acid. 
Through  the  same  cork  passes  a  tube  to  two  U  tubes,  which  are 
filled  with  a  strongly  alkaline  solution  of  lead ;  to  the  outer  one 
of  these  a  caoutchoua  sucking-tube  is  attached.  By  this,  acid  is 
sucked  &om  the  funnel  upon  the  metal  in  the  flask.  The  latter 
is  heated,  and  acid  again  drawn  in  from  time  to  time  till  the  iron 
is  all  dissolved.  The  evolved  gas  passes  into  the  lead  solutions, 
and  plumbic  sulphide  is  formed.  Then  to  ensure  aU  the  evolved  gas 
traversing  the  U  tubes,  an  aspirator  is  at  the  last  attached,  so  as  to 
draw  it  all  through.  The  plumbic  sulphide  is  next  collected  on  a 
filter,  fused  with  sodic  carbonate  and  nitre.  Then  treated  with 
water,  and  carbonic  acid  passed  in  so  as  to  throw  down  any 
dissolved  lead.  After  filtering  this  out,  the  liquid  is  acidulated 
with  hydrochloric  acid,  and  from  it  the  sulphuric  acid,  resulting 
from  the  sulphur  contained  in  the  metal,  is  estimated  by  pre- 
cipitating by  baric  chloride,  and  from  this  baric  sulphate  the 
amount  of  sulphur  is  calculated. 

Phosphorus  in  iron  is  estimated  by  conversion  into  phos- 
phoric acid,  and  the  following  is  a  method  by  Fresenius  which 
has  been  well  modified  by  Spiller.* 

Fresenius  dissolves  a  weighed  quantity  of  the  metal  in  nitro- 
hydrochloric  acid,  and  then  adds  sulphurous,  so  as  to  reduce  the 
solution  of  the  metal  to  a  protosalt  Boils  to  expel  excess  of 
sulphurous  acid,  and  when  cool  adds  ammonia  to  partly  neutralize, 
after  which  ammonic  acetate  is  added,  and  the  whole  boiled. 
Thus  the  phosphoric  acid  is  concentrated  in  a  precipitate  of  basic 
ferric  acetate,  while  nearly  all  the  iron  remains  in  solution  as 
ferrous  acetate,  and  thus  the  two  are  separable  by  filtration. 

The  precipitate  filtered  out  is  partly  washed  and  dissolved  in 
hydrochloric  acid,  then  to  the  warmed  solution  first  citric  acid 

*  Ckem,  8oc.  Journal^  vol.  lix.  1866,  p.  148. 
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is  added,  next  excess  of  ammonia,  and  then  ammonlo-hjdric 
sulphide.  Thus  the  iron  is  precipitated.  This  precipitate  is  to  be 
washed  with  water  containing  some  ammonio-hydric  sulphide. 
The  washings  and  filtrate  are  evaporated  with  exposure  to  air. 
Sulphur  thus  goes  down  and  is  separated,  after  which  the 
liquid  has  mixed  magnesic  and  ammonic  chlorides  added  with 
free  ammonia,  the  precipitate  formed  is  ignited  and  weighed,  and 
from  the  magnesic  pyrophosphate  the  amount  of  phosphorus  is 
calculated. 

SpiUer  shortens  the  operation  '  by  dispensing  with  the  acetic 
treatment,  and  states  that  for  the  piu'pose  of  concentrating  the 
whole  of  the  phosphoric  acid  contained  in  the  solution  of  the 
specimen  under  examination  in  a  comparatively  small  proportion 
of  the  ferric  oxide,  it  is  only  necessary  to  add  to  the  partially  re- 
duced and  cold  solution,  aqueous  sesquicarbonate  of  anunonia,  until 
the  precipitate,  at  first  red,  assumes  a  greenish  hue,'  showing 
ferrous  carbonate  to  be  thrown  down.  The  whole  of  the  phos- 
phorus is  shown  by  him,  to  be  contained  in  this  precipitate. 

The  liquid  must  not  exceed  70°  to  75°  F.  when  the  ammonic 
sesquicarbonate  is  added,  or  phosphate  will  be  lost.  And  it  is 
advisable  to  drop  in  a  few  pieces  of  solid  ammonic  carbonic  into 
the  flask  after  solution  of  the  iron  in  *  red '  nitro-hydrochloric  acid. 
The  effervescence  produced  will  expel  nitrous  vapours.  And  the 
great  excess  of  acid  should  be  driven  off  by  evaporation,  and  the 
diluted  solution  further  neutralized  with  ammonia,  or  the  car- 
bonate, before  adding  the  bisulphite  of  ammonia,  to  effect  the 
reduction  of  the  ferric  chloride. 

In  all  these  iron  analyses  the  operations  require  extreme  care, 
for  they  are  amongst  the  most  difficult  ones  of  chemical  research. 


The  assay  of  zinc  ores  may  be  canied  out  either  as  an  analysis, 
or  by  volumetric  methods.  Of  the  latter  Fresenius  gives  a  most 
complete  account,*  and  out  of  several,  that  modified  by  Kiiuzel 

Quantitative  Analysis,  Fourth  Edition,  p.  653. 
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from  Schaffner's  process  is  the  one  largely  employed  in  the  Belgian 
zinc  works. 

The  testing  solution  is  one  of  sodic  sulphide  prepared  hy  dis- 
solving the  crystallized  salt  in  water,  in  the  proportion  of  loo 
grammes  to  1000-1200  water;  or  by  supersaturating  a  soda 
solution  by  dihydric  sulphide,  and  by  either  method  subsequently 
diluting  the  solution,  so  that  i  cubic  centimetre  may  precipitate 
about  o'o  I  gramme  of  zinc. 

This  solution  is  standardized  by  dissolving  10  grammes  of 
chemically  ^ure  zinc  in  hydrochloric  acid,  or  a  corresponding 
quantity  of  pure  zincic  sulphate,  or  of  crystallized  double  sulphate 
of  zinc  and  potassium  may  be  used.  In  either  case  the  solution  is 
made  up  to  1  litre  with  water.  Each  centimetre  cube  of  this  also 
equals  o'oi  grain  zinc 

Next  30-50  cubic  cent,  of  this  is  to  be  measured  into  a  beaker, 
ammonia  is  then  added  until  the  precipitate  formed  is  redissolved, 
and  it  is  next  diluted  to  400-500  cubic  cent,  with  water. 

Having  filled  a  graduated  burette  with  the  sodic-sulphide  solu- 
tion, it  is  run  in  as  long  as  a  distinct  precipitate  is  formed,  and 
stirred  well  after  each  addition.  A  drop  is  removed,  placed  on  a 
white  porcelain  slab,  and  spread  out  Then  a  drop  of  pure  nickel 
chloride  is  placed  in  the  centre  of  the  assay  drop.  If  the  edge  of 
the  nickel  salt  remains  blue  or  green,  the  addition  of  sodic  sul- 
phide must  be  continued  to  the  assay,  testing  from  time  to  time 
until  the  drop  of  nickel  chloride  is  surrounded  with  a  blackish 
grey  edge.  The  assay  is  now  completed,  for  all  the  zinc  is  pre- 
cipitated, and  there  wiU  be  a  slight  excess  of  sodic  sulphide  pre- 
sent. The  exact  depth  of  tint  must  be  borne  in  mind,  as  the  same 
has  to  be  arrived  at  in  the  after  actual  assays,  as  indicative  of 
their  completion. 

The  complete  precipitation  of  the  zinc  may  be  verified  by  the 
addition  of  a  trace  or  so  more  of  the  reagent,  which  should  darken 
in  the  salt  proportionally.  The  whole  experiment  is  to  be  checked 
by  a  second  one ;  in  this  the  whole  amount  of  the  reagent  as  first 
indicated  may  be  run  in  at  once,  less  i  cubic  cent. ;  and  the  assay 
then  worked  by  0*2  cubic  cent,  at  a  time  till  the  exact  reaction 

pp 
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is  arrived  at  This  last  is  a  trustworthy  experiment,  and  should 
give  the  exact  value  of  the  standard  solution.  But  it  is  liable  to 
speedy  change,  and  hence  requires  frequent  verificatioD. 

For  the  actual  operation  if  the  ore  be  rich  0*5  gramme  is 
taken,  but  if  poor  1  gramme.  This  is  powdered,  and  dissolved  in 
hydrochloric  acid  with  a  little  nitric,  using  heat.  The  excess  of 
acid  is  then  evaporated  away,  and  the  residue  diluted  with  water, 
and  then  supersaturated  by  ammonia.  Filter  into  a  beaker,  wash 
with  water  containing  some  ammonia,  and  slightly  warmed,  until 
these  washings  are  not  rendered  at  all  turbid  on  adding  anmionio- 
hydric  sulphide. 

If  the  ore  contain  but  little  iron,  the  zinc  left  in  the  hydrated 
ferric  oxide  is  not  enough  to  need  caring  for ;  but  if  much  iron  is 
present,  then  after  evaporation  of  the  greater  part  of  the  add 
solution,  the  liquid  is  nearly  saturated  by  a  dilute  solution  of  sodic 
carbonate,  and  the  iron  afterwards  precipitated  by  sodic  acetate, 
the  liquid  is  boiled,  filtered,  and  the  precipitate  washed ;  the 
washings  are  concentrated  and  added  to  the  filtrate,  and  the  whole 
treated  by  ammonia  till  the  precipitate  first  formed  is  redissolved. 

If  manganese  is  also  present,  for  accurate  results,  it  must  be 
separated  by  passing  in  chlorine  to  the  solution,  after  the  iron  has 
been  precipitated  by  sodic  acetate. 

If  the  ore  contained  lead,  sulphuric  acid  must  be  added  to  the 
acid  solution  during  evaporation ;  when  finished,  the  residue  is 
exhausted  by  water  and  filtered,  and  the  operation  then  carried 
on  as  before. 

The  actual  assay  operation  is  worked  just  as  the  one  described 
for  standardizing  the  solution,  and  the  double  or  check  assay 
should  be  made  in  the  same  way,  viz.  by  adding  to  within  i  CC. 
of  the  reagent  solution,  and  finishing  carefully  by  0*2  CC.  at  a 
time  till  correct.  The  proportion  of  standardized  solution  con- 
sumed in  the  assay  will  correspond  in  amount  to  that  of  the  zinc 
contained  in  the  ore  under  examination. 
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Acid  antimonic,  389 

arRenio,  405 

arsenious,  403 

bismatbic,  345 

cbromic,  399 

ferric,  469 
.     manganic,  478 

metastannic,  500 

permanganic,  478 

renewal   of,   in  voltaic  battery, 
561 

salts,  53 

stannic,  499 

sulpbarsenic,  405 

titanic,  396 
Adit  level,  28 
Affinity,  35 

chemical,  35 
Aicb  metal,  520 
Alberti's  redaction  of  poor  mercurial 

ores,  132 
Alcohol  blast  lamp,  82 
Alloying,  use  and  object  of,  63 

midleability,  ductility,  and  tena- 
city, affected  by,  63 

specific  gravity  affected  by,  64 
Alloys,  61 

crystallization  of,  65 

fusing  points  of,  65 

Mattkiesen's  definition  of,  62 

oxidizability  of,  64 

solidifying  and  falsing  points,  67 
Almaden  mercury  reduction,  138 


Alumina,  533 

discrimination,  534 

estimation  of,  585 
Aluminic  silicate,  533 
Aluminium,  529 

alloys  with  copper,  533 

silver,  tin,  and  zinc,  533 

properties,  531 

solder  for,  532 
Amalgam  copper,  378 

gold,  267 

lead,  338 

native,  153 

palladium,  309 

platinum,  3(U 

silver,  179 

tin,  502 
Amalgamation  of  zinc    for  electric 

uses,  549 
Amethyst  colouring  oxide  of,  477 
AniUysis,  alloyed  gold,i272' 

amalgam  of  copper,  382 

amalgam  silver,  187 
tin,  509 

bismuth  and  copper,  350 
and  lead,  349 

brass,  523 

bronze,  524 

Church's,  521 

copper  pyrites,  474 

fusible  metal,  508 

German  silver,  525 

gold,  silver,  and  platinum,  305 
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Analysis,  solders,  508 
Anhydride,  antimonio,  380 

arsenic,  405 

arsenions,  403 

bismuthic,  345 

chromic,  399 

titanic,  396 
Annabergite,  484 
Anode,  553 
Anthracite,  111 
AntimonialsUyer,  158 
Antimony,  384 

alloys,  890 

butter  of,  389 

estimation  of^  391 

ores,  384 

preparation  of  pnre,  387 

properties,  887 

reduction,  386 

regnlus  of,  386 

tests  for,  390 

working  at  Malbose,  385 
Antimonio  acid,  389 

chloride,  389 

sulphide,  390 
AntimoDious  oxide,  888 

chloride,  389 

sulphide,  389 
Argentic  bromide,  177 

carbonate,  179 

chloride,  176 

iodide,  177 

nitrate,  178 

oxide,  176 

sulphate,  179 

sulphide,  L77 
Argentiferous  galena,  312 
Argentoas,  chloride,  176 

oxide,  175 
Arrastre,  159 
Arsenic,  402 

alloys,  405 

acid,  405 

discrimination,  405 

detection  in  metallic  copper,  408 

estimation,  408 

Marsh's  test  for,  407 

sesquioxide,  403 
Arseniates,  405 
Arsenic  anhydride,  405 
Arsenical  pyrites,  402 


AraenlonB  anhydride,  408 
Arseniuretted  hydrogen,  407 
Assay  balance,  200 
ftimace,  192 
pound,  204 
tools,  109 

weighings,  trade  for  gold,  277 
weights  for  silver,  204 
for  gold,  277 
Assay  of  anriferous  pyrites,  275 
bronze,  524 
oopper,  858 

by  wet  methods,  354 
Dumonte*s  wet  of  lead,  315 
gold  alloys,  275 

by  blowpipe,  287 
gold  containing  platinum,  306 
gold  quartz,  278 

Matthey's  apparatus  for,  284 
iron  ores,  413 

wet,  415 

Penny's,  note  on,  574 
lead  ores,  313 
silver  ores,  187 
alloys,  191 

wet,  209 
Atomic  weights  of  elements,  4 
Aurates,  263 
Aureus  chloride,  264 
iodide,  265 
oxide,  263 
sulphide,  265 
Auric  chloride,  264 
iodide,  265 
oxide,  263 
sulphide,  265 
Axes  of  symmetry,  58 

Balance  assay,  200 

Black's,  288 

specific  grayity,  19 
Bar  tin,  497 
Baric  reactions,  545 
Battery  stamp  for  gold,  235 

Bunsen's,  554 

Daniell's,  555 

Grove's,  554 

Smee's,  554 
Bauxite,  531 
Bean  shot  copper,  375 
Beating  of  gold,  260 
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Bell's  method  for  alaminimn,  531 

Bell  metal,  506 

Bellows  table,  88 

Berthier's  plan  of  estimatiDg  heating 

power  of  fuels,  121 
Berthollet's  division  of  salts,  53 
Berzelius,  alloy  of  Ft,  Cu,  and  Zn,  5 18 
Bessemer's  iron  process,  452 

steel  process,  453 
Binary  theory  of  salts,  54 
Birkmyre's  copper  process,  367 
Bismuth,  342 

alloy  with  copper,  380 
gold,  347 
lead,  347 
palladium,  347 
platinum,  847 
silver,  347 

amalgam,  346 

discrimination  of,  347 

estimation  of,  348 

localities,  342 

metallurgy  of,  342 

ores,  342 

preparation  of  pure,  344 

properties,  344 

sesquioxide,  346 
Bismuthic  acid,  345 

chloride,  346 

sulphide,  346 
Black-band  iron  ores,  412 

flux,  183 
Black-lead  crucibles,  1 04 
Blast-furnace  copper,  370 

cinder,  431 

analvsis  of,  4:)2 

Deville's,  99 

Faraday's,  97 

Griffin's  gas,  91 

iron,  423 

working  of,  429 

lead,  322 

Sefstrom's,  97 

tin,  496 

gases,  432 
Blende,  510 
Blistered  copper,  363 
Block-tin,  497 

Blowing  cylinder  (iron  blast),  426 
Blow-pipe,  83 

assaying  by,  287 


Blow.pipe,  Black's,  84 

examinations,  87 

flame,  oxidizing,  85 
reduoing,  86 

Herapath's,  90 

oxyhydrogen,  91 

reagents,  86 

supports,  86 

table  and  bellows,  89 

use  of,  85 
Blue  metal  (copper),  362 
Bog-iron  ore,  412 
Bohemian  potash  glass,  543 
Bone-ash,  191 
Borax,  182 

Brasqued  crucibles,  106 
Brasf),  518 

by  cementation,  518 

analysis  of,  523 
Bricks  P.  P.  103 

Dinas,  101 

ordinary  building,  103 

Stourbridge,  103 
Britannia  metal,  505 
Bromides,  metallic,  46 
Bronze,  506 

analysis  of,  524 

Church's,  521 

Mint  assay  of,  524 
Brown's  wet  assay  of  copper,  356 
Brystrom's  pyrometer,  123 
Buddie,  32 

Bunsen's  gas-burners,  70 
Burnett's  solution,  517 
Butter  of  antimony,  389 

Calamine,  510 
Cadmium,  525 

alloys,  527 

dry  method  for,  526 

estimation,  528 
'  properties,  526 

Stromeyer's  method  for,  526 

tests  for,  527 
Cadmic  oxide,  527 

sulphide,  527 
Calcined  coarse  metal  (copper),  362 
Calcium  reactions,  545 
Calomel,  143 

Calvert's  plan  for  separation  of  sul- 
phur in  iron  working,  429 
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Calvert  on  separation  of  gold  from 

quartz,  fliX 
Carbon  in  iron  and  steel,  444 

estimation  of,  574 
Case-hardening,  462 
Castilian  furnace  (lead),  324 
CasUiron,  438 

steel,  448 
Catalan  iron  process,  421 
Cathode  or  negative  pole,  553 
Cement  copper,  874 
Cementation  of  steel,  446 

brass,  518 
Chalcolite,  303 
Charcoal,  114 

Chemical  and  mechanical  union,  dif- 
ference of,  34 

combination,  laws  of,  36 
Chemical  allinity,  85 
Chilled  castings,  462 
Chinese  vermilion,  144 
Chlorides,  metallic,  43 

native,  573 

preparation  of,  44 

reduction,  45 
Chrome,  308 

iron  ore,  398 
Chromic  acid,  309 

oxide,  399 
Chromium,  398 

discrimination,  400 

pink  oxide,  400 

protoxide,  399 

sesquioxide,  399 
Chromous  oxide,  399 
Church,  analysis  of  native  silver,  151 

of  bronzes,  521 
Cinnabar,  129 

analysis  of  varieties  of,  144 
Clay-band  ore,  412 
Clavs,  Dinas,  101 

Ewell,  101 

fire,  99 

Monmouth,  101 

Newcastle,  100 

ordinary  building  brick,  103 

Pembroke,  101 

pipe,  534 

porcelain,  534 

potters,  534 

Stourbridge,  100 


Cleaning  articles    before    receiving 

electro  deposits,  562 
Coal,  anthracite,  111 

ash  of,  111 

Cannel,  110 

Devon,  110 

hard,  110 

Newcastle,  110 

products  of  distiUation  oi^  110 

Sta£fordshire,  110 
Coarse  metal  (copper),  361 
Cobalt,  480 

blue,  482 

blue  oxide,  481 

discrimination,  483 

estimation,  488 

metallic,  480 

ores,  480 

oxide,  481 

prepared  oxide,  481 

properties,  480 

silicate,  482 

uses,  476 
Cock  for  wet  silver  assays,  218 

upon  palladium  working,  307 
Coke,  114 

from  gas-tar,  118 

ovens,  118 
Coking  in  heaps  or  mounds,  117 
Cold-blast  iron,  428 
Comparison  of  fuels,  119 
Condie's  steam-hammer,  441 
Conditions    influencing    electro    de- 
posits, 560 
Conducting  or  negative  plate,  552 

wire,    magnetic    condition    of, 
549 
Copper,  351 

alloy  with  bismuth,  380 
gold,  380 
palladium,  380 
platinum,  380 
silver,  379 
zinc,  518 

amalgams,  378 

assay  of  ores,  353 

Birkmyre's  method  for,  367 

blistered,  363 

commercial,  impurities  in,  374 

discrimination,  381 

estimation,  382 
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Copper,  fumes  eyolyed  in  ore-roast- 
ing, 358 

grey  ore,  552 

glance,  352 

Henderson's  plan  of  reduction, 
308 

indigo  ore,  352 

kernel  roasting,  368 

localities,  351 

Napier's  method  of  r6duetion,367 

native,  352 

ores,  352 

poling,  365 

production  of  pure,  875 

properties,  375 

protosulphide,  378 

protochloride,  378 

protoxide,  377 

purple  ore,  352 

pyrites,  352 

reduction  by  blast  furnace,  869 

reduction  at  Swansea,  357 

refining,  S64 

at  Mansfeld,  372 

smelting  in  Sweden  and   Nor- 
way, 374 

subchloride,  378 

suboxide,  376 

subsulpbide,  378 
Copperas,  471 

Crookes'  amalgams  for  gold,  240 
Crown  glass,  543 
Crucibles,  brasqued,  106 

Cornish,  105 

French,  105 

Hessian,  104 

London, 105 

metaUic,  107 

plumbago,  104 

tested,  107 
Crum's  test  for  manganese,  479 
Crystals,  cleavage  of,  57 

dimorphism  of,  58 

isomorphism,  58 

secondary  forms  of,  57 

water  of  constitution  in,  59 
Crystallization,  56 

by  subliming,  00 

of  metals,  00 

water  of,  58 
Crystalline  axes,  57 


Crystalline  axes,  influence  of  light  oq, 

60 
Cullet,  544 
Cupels  for  large  operations,  170 

small,  191 

furnace  for  refining,  169 
assaying,  192 

mould,  191  [172 

Cupellation  operation  on  large  scale, 

operation  on  Continent,  174 

on  small  scale,  191 

rationale  of,  209 

of  silver,  206 

of  gold,  279 

by  blowpipe,  287 

platinum,  298 

theory  of,  172 
Cupreous  chloride,  378 

oxide,  376 

sulphide,  378 
Cupric  arsenite,  404 

chloride,  378 

oxide,  377 

sulphide,  378 

Daniell's  pyrometer,  124 
Decimal  t^lution  of  salt,  212 

silver,  212 
Decrepitation,  59 
Decomposing  cell,  559 

use  of  metallic  salt  in,  559 
Deliquescence,  59 
Dental  gold  leaf,  203 
Deville's  blast  furnace,  99 

method  of  platinum  working,  297 
Dinas  clay,  10  L 
Diarsenic  pcntasulphide,  405 
Dodd's  assay  of  silver,  218 
Dolomite,  536 

Double  cyanide  potassium  and  cop- 
per, 561 

salts,  56 

sulphate  of  nickel  and  ammo- 
nium, 567 
Ductility  of  metals,  9 
Dutch  metal,  520 

vermilion,  145 

EFFIiORESCENCE,  59 

Eisen-nickelkies,  484 
Electric  conduction,  17 
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Electric  cnrrent  action  of,  on  magnet, 
549 

decomposition  in  atomic  propor- 
tions, 550 

local  currents,  551 

order  of  metals,  552 
Electro  deposits  of  alloys,  567 

cleansing  work  for,  501 

of  copper,  solution  for,  561 

of  gold  and  silver,  562 

gold  or  silver,  solution  for,  563 

Ladd's  manipulation,  564 

moulds  for,  568 

of  nickel,  567 

platinum  and  palladimn,  566 

power  of  battery  for,  565 

rate  and  texture  controlled,  560 

solutions  for  steel,  561 

on  steel,  561 

by  single  cell,  558 

by  battery,  550 

temperature  for,  564 
Electro  metallurgy,  548 
Electrolysis,  bodies  capable  of,  558 
Electrotype,  origin  of,  556 
Elements,  1 

metallic,  table  of,  4 

non- metallic,  7 
Emerald  nickel,  484 
Equivalent,  36 
Ewell  clay,  101 

Faraday's  blast  furnace,  97 

thin  gold  films,  258 
Feathered  shot  copper,  375 
Ferric  acid,  469 

chloride,  470 

oxide,  469 

sulphate,  471 

sulphide,  470 
Ferrous  carbonate,  471 

chloride,  470 

oxide,  469 

sulphate,  471 

sulphide,  470 
Finery  cinder,  iron,  436 
Fine  metal  (copper),  362 
Fire-clays,  99 
Flame,  analysis  of,  84 

blowpipe  oxidizing,  85 
reducing,  86 


Fletcher's  gas  blowpipe,  573 

Flint  glass,  544 

Fluxes,  182 

Forging  platinum,  295 

Fowler's  solution,  404 

Fuels.  109 

comparison  of,  119 

determination  of  heating  power. 
Fulminating  gold,  264  [120 

silver,  176 
Furnaces,  68 

Deville's  platinum,  299 
blast,  99 

Faraday's  blast,  97 

Gore's  gas,  72 

Griffin's  blast,  91 

cupelling,  196 
melting,  7-4 

iron  blast,  423 

muffle.  192 

Puddling,  438 

reverberatory,  95 

Sef Strom's,  97 

Siemens'  regenerative,  79 

Watson's.  197 

Wind,  92 
Fusible  metal,  504 

analysis  of,  508 

Galena,  312 

analysis  of,  341 
argentiferous,  312 
Galvanic  battery,  552 
Bunsen's,  554 
Daniell's,  555 
Grove's,  554 
causes  of  cessation  of  action  in, 

554 
decomposing  efiect  of.  553 
diminished  action  renewed,  561 
poles  of,  553 
Smee's,  554 
Watt's,  557 
Galvanised  iron,  522 
Galvanometer,  550 

use   of  for    electro  depositing, 
560 
Gas-burners,  70 

from  Siemens'  producer,  analysis, 

78 
parting  apparatus,  280 
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Gay  LuRsac's  humid  assay  of  silyer, 

209 
Gedge'8  metal.  520 
Generatiof?  plate,  549 
German  silver,  521 

analyses  of,  525 
Gilding,  electro,  562 

on  iron  and  steel,  561 
water,  268 
Glass,  543 
Goadby's  daid,  144 
bold  ailoys  with  antimony,  390 

copper  380 

lead,  339 

palladium,  269 

platinum,  269 

silver,  268 

tin,  503 

zinc,  518 
amalgamation  of,  236 
amalgam,  268 

Crookes',  240 

Wurtz's,  240 

distillation  of,  238 
American  cementation  of,  243 
analyses  of  Australian  of,  223 

CalifomiMi,  224 

Welsh,  2M 

alloyed,  272 
artificial  crystallization,  259 
assay  of  alloys,  275 

blowpipe,  287 

of  ores,  273 
associate  metals,  221 
beating,  260 
lilanket  board,  236 
britUe.  270 
chlorides,  264 
coin,  British,  380 

Foreign,  380 
containing  iridium,  252 
cradling,  230 
crystals,  222 
digging,  230 
discrimination,  271 
estimation,  271 
Faraday's  films,  258 
fine,  commercial  values  of,  248 
bow  found,  221 
identity  of  composition,  223 
iodides,  265 


Gold  localities,  224 
melting,  239 
oxides,  263 
parting  of,  280 
assay,  286 

Matthey's  apparatus  for,  283 
^     precipitants  for,  254 

precipitation  bf  ferrous  sulphate, 
257 
oxilic  acid,  256 
sulphurous  acid,  257 
preparation  of  pure,  252 
properties,  257 
quartz,  crushing,  234 
refining,  243 

by  Miller's  chlorine  process, 

248 
by  nitric  acid,  245 
sulphuric,  246 
separation  fh>m  mercury,  272 
solutions  of,  by  battery  for  electro 

depositing,  563 
sulphides,  265 
uses  of  alloying,  270 
washing  by  pan,  233 
sluice,  233 
Gramme,  572 
Great  Gomstock  mine,  154 
Greenockite,  525 
Gore's  material  for  electro  moulds, 

568 
Gun  meul.  506 
Gutta-percha  for  electro  moulds,  568 

HjEMATTTE  brown,  412 

red,  412 
Haloid  salts,  54 

Hahner's  mercury  fbrnaces,  135 
Heating  apparatus,  68 
Heat,  measurement  of,  123 
Henderson'M  copper  process,  d6H 
Hessian  crucibles,  104 
Hot  blast  for  iron,  427 

Idrian  mercury  reduction,  130 

plan  of  reducing  poor  mercury 
ores,  132 
Iodides  metallic,  46 
Iron  alloys,  472 

assay  English,  414 
Margueritte's,  418 


Iron  uaay,  Penny's,  410 

Swedisli,  113 

flaxes  for,  111 

note  on.  571 
bisulphide,  470 
bliut  furnace,  133 

dnder,  131 

fomiBtioa   of  polutie  ej- 
uiide  ID,  133 

gases,  133 

working  of,  199 

blowing  cjlindera,  426 
oalcination  of  ore,  433 
eirboDste,  4T1 
discriminsuoii  of  ferric  solU,  173 

of  ferrous  salts,  173 
dry  puddling,  438 
esiimstion  of,  473 

carbon  in,  ATI 

phospborus,  OTS 

silicon,  ST4 

Bulphnr,  bli 
£nery  cinder,  137 
flux  in  smelling.  430 
fiiel  used  for  reduction,  43B 
grey  cast,  130 
Hot  blast  arrangements,  137 

stAti  sties,  1^ 
magnetic  oiide,  170 
merrbant  bar.  111 
motlled  cHst,  430 
ustire,  410 
ores,  411 
persulphate,  471 
pig  bailing,  110 

oom  position  and  qoalilies, 
433 
preparation  of  pure,  4G6 
properties,  1H7 
protochloride,  470 
prolosulphate,  171 
protoaulphide,  470 
protoxide,  469 
puddled  bar,  111 
puddling,  laS 

furnace  dnder,  143 
reflning.  435 
reheating  furnace.  112 
smelting.  131 
ai'squic  blonde.  170 
sesqai oxide,  IGO 


Iron,  sepuatton  from  •lamina.  <74 
fhim  copper,  174 
white  east,  430 
Iserine,  390 
Isomorpkism,  68 


Eermes'  mineral,  360 
Kernel  roasting  (copper),  808 
Kupfemickel,  161 
Kyanising,  114 

La3CF  spirit  blast.  63 
Lead,  aoUon  of  water  on,  334 
alloy  with  antimony,  <>00 

bismuth,  5(14 

copper,  360 

gold,  339 

palladiam,  330 

pUtinum,  339 

silver.  339 

alloys  with  tin,  003 

zinc,  316 
assay  of  ores,  313 

wet,  315 
chloride,  3.17 
chromates,  a38 

Pattinson's  plan  of,  .133 

Parkas',  3.11 
dinxide.  337 
discriminatjon,  340 
improving  or  softening,  335 
metallurgy  of,  31<] 
oree,  313 
presence  in  commercial  copper 

see 

properties,  333 

protoxide.  oMS 

pure,  preparation  of,  '133 

red  oxide,  336 

reduction  of  oiide,  331 

smelting  in  blast  fumaee,  331 

Caiitilian  furnace,  335 

ore  hearth,  31!) 

reverbecfttory,  310 
tmolie.  337 
suboxide,  339 
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Lead,  sulphide,  337 
Lignite,  110 

Limestone  as  an  iron  flux,  429 
Lithium  reactions,  547 
Litre,  573 
Local  currents,  551 
Longmaid'B  method  of  separation  of 
gold  from  quartz,  242  • 

Louyet's  nickel  process,  486 
Lutes,  101 

plaster  of  Paris,  102 

Willis's,  102 

Magistral,  160 
Magnesia,  539 
Magnesic  oxide,  539 

chloride,  539 
Magnesite,  536. 
Magnesium,  536 

alloys,  538 

amalgam,  539 

Deville's  method  for,  537 

properties,  537 

punfication,  537 

Sonstadt's,  method  for,  537 
Magnet  affected  hy  electric  currents, 

549 
Magnetic  oxide  of  iron  native,  411 

artificial,  47U 
Malleability  of  metals,  9 
Manganese,  476 

Cram's  test  for,  479 

discrim nation,  478 

estimation,  479 

preparation  of  metal,  476 

red  oxide,  478 

separation  from  iron,  479 

sesquioxide,  478 
Manganic  acid,  478 

dioxide,  477 
Manganous  oxide,  477 
Mansfeld,  reduction  of  copper  ores 
at,  370 

refining  operations,  372 
Margueritte's  assay  of  iron,  418 
Marsh's  test,  407 
Marl,  534 
Massicot,  335 

Matthey's  parting  apparatus,  284 
Matthiesen's  plan  for  casting  wires, 
13 


Mercury,  128 

adulteration  of,  138 

Alberti's  operation  for  poor  ores, 

132 
Almaden,  reduction  at,  133 
chlorides  of,  142 
Deux  Fonts,  reduction  at,  136 
discrimination  of,  140 
estimation,  147 
filtration  of,  140 
Hahner's  furnaces  for,  135 
Horrowitz,  reduction  at,  136 
Idria,  reduction  at,  130 
impurities  in  commercial,  137 
iocUdes,  144 
Lansberg   reduction    process, 

136 
native,  129 
ores,  129 
oxides  of,  141 
properties,  140 
purification  by  digestion,  139 

Priestly's  plan,  140 

redistillation,  140 
sulphides  of,  144 
Metallurgy,  definition  of,  1 
Metallic  alloys,  61 
bromides,  46 
chlorides,  43 

analysis  of,  52 
iodides,  46 
lustre,  8 

opacity  and  transparency,  8 
ores  how  deposited,  27 
oxides,  37 

analysis  of,  51 
phosphides,  50 
salts,  53 
selenides,  50 
sulphides,  46 

analysis  of,  52 
veins  and  lodes,  28 
Metalloids,  8 
Metals,  ancient,  2 
annealing  of,  16 
base,  4 
chemical  character  of  divisions 

of,  4 
colour,  odour,  and  taste  of,  9 
conduction  of  heat  in,  16 

electricity,  17 
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Metalb,  conditions  modifying,  17 
means  of  measuiing,  17 

definition  of,  8 

soft  and  hard,  15 

division  and  classification  of,  4 

elasticity  of,  16 

fusing  points  of,  16 

how  found,  26 

heavy  and  light,  24 

malleability,  ductility,  and  tena- 
city, 9 

noble,  7 

specific  gpnvity  of,  18 
means  of  taking,  19 
Metastannic  acid,  000 
Metre,  572 
Metrical  system,  571 
Millerite,  484 
Mines,  27 

drainage  of,  28  * 

sections  of,  27 
Mint  mu£Be,  105 
Mispickel,  402 
Mosaic  gold,  520 
Muffle  furnace  for  solid  fuels,  102 

Griffin's  gas,  196 

Watson's  gas,  198 
Muntz  metal,  520 

Napier's  reduction  of  copper,  367 
Neutral  salt  defined,  53 
Nevada  mines,  154 
Newcastle  clay,  100 
Nickel.  484  , 

alloys,  489 

analyses,  522 

BerUiier's  method  for,  485 

chloride,  488 

Cloez's  method  for,  486 

Deville's  method  for  pure,  487 

discrimination  of,  489 

estimation  of,  490 

Louyet's  method  for,  486 

ores,  484 

oxides,  488 

preparation  of  metal,  485 

properties,  487 

separation  from  tobalt,  400 
copper,  525 

silver,  521 

sulphides,  488 


Nickel,  Thompson's  method  for,  486 
Normfld  salt  solution,  211 

Ochre,  412 

Odling  on  detection   of  arsenic   in 

copper,  408 
Ore  crushing,  31 
.     jigging,  82 

stamping,  81 

washing,  81 
Orpiraent,  405 
Oxides  metallic,  37 
native,  88 

preparation,  38 

reduction,  40 
Oxidizing  flame  (blow-pipe)  b5 

Palladium,  807 

alloy  with  binmnth,  347 
copper.  880 
gold,  310 
lead, 839 
platinum,  310 
silver,  310 
tin,  503 
amalgam,  309 
chlorides,  303 
discrimination  of,  310 
estimation,  311 
oxides,  309 
prepsration  of,  307 
properties.  808 
sources,  307 
Parkas*  copper  assay,  354 

lead-desilverizing  operation,  331 
Partingof  gold,  245 
assays,  286 
in  ordinary  assays,  280 

containing  platinum,  :)06 
Patent  yellow,  388 
Pattinson*s  process,  328 
Patio  process,  158 
Peat,  114 

Pelouze's  copper  assay,  356 
Permanganic  acid,  478 
Pewter,  504 

solder  for,  505 
Phosphides,  50 
Phosphorus  in  iron,  419 

estimation  of,  575 
Pig-boiling,  440 
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Pig-iron,  480 

Pimple  metal  (copper),  362 
Pitchblende,  393 
Plaster  of  Paris  late,  102 

moulds,  &6d 
Plata-pina,  102 
Plate-glass,  544 
Plumber's  solder,  504 
Platinum,  201 

alloy  with  bismuth,  347 
copper,  380 
gold,  304 
lead,  339 
palladium,  307 
silver,  304 
tin,  503 
zinc,  518 

amalgam,  3()4 

associate  metals  with,  203 

black,  301 

chlorides,  303 

cupellation  on  large  scale,  208 

Deville's  method  of  working,  297 

discrimination,  305 

estimation,  305 

history  of,  201 

localities,  201 

melting,  300 

oxides,  303 

propertie-*,  302 

pure,  206 

refining,  208 

sulphide,  304 

vessels  made  by  pressure,  302 

welding,  302 

Wollaston's  method  for,  203 
Plattner,    separation   of   gold    from 

arsenical  pyrites,  243 
Plumbic  dioxide,  337 

chloride,  337 

oxide,  335 

sulphide,  837 
Poles  of  battery,  553 
Polar  condition  of  particles  in  voltaic 

circuit,  550 
•  Poling*  copper,  305 
Porcelain  clay,  534 
Potassic  cyanide  in  iron   blast  fur- 
naces, 433 

dichromate,  308 

ferrate,  460 


Potassic  permanganate,  418 
Potassium,  540 

preparation,  541 

properties,  542 
Pottery,  538 
'  P.  P.  bricks,  103 
Psilomelane,  476 
Puddling,  438 

dry,  430 
Purple  of  Cassius,  266 
Put^  powder,  500 
Pyrites,  413 

magnetic,  413 
Pyritic  quartz  treated  for  gold,  242 
Pyrolusite,  476 
Pyrometer,  Brystrom's,  123 

Daniell's,  124 

Prinsep's,  128 
^    Siemens',  125 

Wedgwood's,  127 

QUARTATION,  245 

Queen's  metal,  505 

Keaotions  of  metals  of   first  and 

second  division,  545 
Realgar,  405 
Red  silver  ore,  153 
Beducing-fiame  (blow-pipe),  86 
Reduction  of  silver  from  Miller's  re- 
fining process,  250 
Red  shortness  in  iron,  410 
Refining  of  gold  by  acids,  244 

by  Miller's  process,  248 

iron,  435 

lead,  325 

platinum,  209 

silver,  160 
Regenerative  furnace,  76 
Regnault's  analysis  of  refined  and  un- 
refined irons,  437 
Reinch's  test  for  arsenic,  306 
Reverberatory  furnace,  05 
Ridsdale's    process    for    separating 
iridium  and  osmium  from  gold, 
252 
Rinman's  green,  482 
Rouge.  469 
Ruby,  533 

Rumford's  calorimeter,  121 
Rutite,  306 
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Salts,  binary  theory  of,  54 
classification  of,  54 
crystallization  of,  56 
double,  56 
normal,  54 
solubility  of,  59 
salphui,  55 
Sandiver,  545 
Sapphire,  533 
Scheele's  green,  404 
Sconfication,  189 
Sefstrom's  blast  fomace,  97 
Selenides,  metallic,  50 
Shaft  of  mine,  38 
Shingling,  441 
Siemens'  gas  producer,  77 
pyrometer,  125 
regenerative  furnace,  79 

comparative  cost  of  working, 

81 
temperature  of  working,  82 
Silicon  in  iron,  419 

estimation  of,  574 
SUver,  150 

alloy  with  bismuth,  347 
copper,  379 
gold,  *^68 
lead,  339 
alloyed  with  palladium,  310 
platinum,  304 
tin,  503 
zinc,  517 
amalgams,  179 
native,  153 
analysis  of,  187 
amalgamation,  hot,  162 
Mexican  plan,  158 
Nevada,  168 
Saxon,  163 
ammonio-nitrate,  306 
assay  of  ores,  188 
alloys,  191 
humid,  209 
Indian  method,  218 
bromide,  177 
carbonate,  179 
chlorides,  176 
cupellation  on  large  scale,  169 

small  scale,  205 
deposition  by  batteiy,  562 


Silver,  of  bright,  565 
discrimination,  185 
estimation,  185 
iodide,  177 
native,  151 

Church's  analjrsis  of,  151 
nitrate,  178 
ores,  152 
oxides,  175 

parting  assays  of,  286 
Flata-pina,  162 
precipitation  by  copper,  180 

iron,  180 
properties,  174 
pure,  179 
quality  obtained  by  copellatioii, 

173 
reduction  by  Augastin's  proeeM, 
156  ^ 

Percy  and  Von  Patera's  pro- 
cess, 157 
Ziervogel's  process,  156 
of  chloride,  180 
separation  firom  copper  ores  at 

Mansfeld,  155 
spitting  or  vegetation  of,  174 
sulphate,  179 
sulphide,  177 

Mexican,  152 

PhiUips*  analysis  of,  153 
'  Silvering '  on  glass,  502 
Simple  circuit,  action  taking  place  in, 
550 
definition  of,  551 
Slag  lead.  324 
Slimes,  32 
Smalt,  481 
Sodium,  541 

properties,  543 
Solder  for  aluminium,  582 
brass,  520 
German  silver,  522 
gold,  505 
pewter,  505 
plumbers',  504 
silver,  505 
Spathose  ore,  412 
Specific  gravity,  18 
of  alloys,  25 
balance,  19 
bottle,  21 
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Specific  gravity,  calculation  of,  20 

table  of,  24 

temperature  for  takiug,  28 
Specular  iron  ore,  412 
Speculum  metal,  506 

analysis  of,  524 
Speiss,  484 
Spiegel-eisen,  434 

analysis  of,  435 
Stannic  chloride,  501 

add,  499 

oxide,  499 

sulphide,  502 
Stannous  chloride,  501 

oxide,  499 

sulphide,  502 
Steel,  443 

alloyed  with  other  metals,  455 

amount  of  carbon  in,  444 

analyses,  444 

annealing,  465 

Bessemer,  452 

blistered,  448 

cast,  448 

casting  operation,  448 

cementation,  theory  of,  445 
operation,  446 

discrimination  from  iron,  466 

double  shear,  448 

employment  of  spectroscope  in 
making,  456 

formation  of,  445 

hardening,  456 

cooling  for,  by  mercury,  459 
increase  in  bulk  by,  461 
plans  for  cooling  for,  459 
temperature  for,  458 

Heaton's,  456 

Huntsman's,  450 

Krupp's  castings,  450 

Price  and  Nicholson's,  451 

puddled,  450 

Siemens',  451 

shear,  448 

Taranaki,  455 

tempering,  463 

tilted,  448 

Uchatius',  451 

welded  to  iron,  465 
Stourbridge  bricks,  103 

clay,  100 
Strontium  reaction,  545 
Sulphides,  46 


Sulphides,  native,  46 

preparation  of,  46 

reduction  of,  49 
Sulphur  in  iron,  419 

estimation  of,  in  iron,  575 

salts,  55 
Sump  of  mines,  28 
Symbols  of  elements,  4 

Tables,  humid  assay  of  silver,  217 

metrical  system,  572 
Taranaki  sand,  411 
Temperatures,  measurement  of  high, 

123 
Tempering  steel,  463 
Tenacity  in  metals,  9 
Thenard's  blue,  482 
Tin,  491 

alloy  with  antimony,  505 
l>i8muth,  504 
copper,  505 
gold,  503 
lead,  503 

lead,  bismuth,  and  cadmi- 
um, 504 
palladium,  503 
platinum,  503 
silver,  503 
amalgam,  502 
analysis  of,  509 
bar,  497 
block,  497 
chlorides,  501 
discrimination  of,  507 
estimation  of,  507 
history,  491 

impurities  in  commercial,  497 
metallurgy  of,  491 
ores,  491 
oxides,  499 
plate,  506 
preparation  of  pure,  497 

electric  action,  by,  498 
properties,  498 
pyrites,  491 
refining  of,  496 
roasting  of  ore  by  Brunton's  cal- 

ciner,  493 
smelting  by  blast  furnaces,  496 

in  reverberatorieSy  495 
stone,  491 

treatment    of    ores    containing 
tungsten,  494 
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Titanic  acid,  396 

anhydride.  396 

dioxide,  396 

nitride,  396 
Titanium,  396 

discrimination,  397 
Touchstone,  assay  by,  275 
Turner's  yellow,  338 
Type  metal,  505 

Umber,  412 
Uranic  nitrate,  394. 
Uranite,  393 
Uranium,  393 

oxides,  395 

preparation  of  metal,  394 
Ure's  apparatus   for   distillation  of 
mercury,  136 

Vabvicite,  476 
Vermilion,  144 

adulterations  of,  146 

Wad,  476 
Water  gilding,  208 
Wedgwood  pyrometer,  127 
White  lead,  338 

metal  (copper),  362 
Wind  furnace,  U3 
Wire  drawing,  10 
Wolfram,  491 

treatment  of  ores,  494 


Wollaston'B  micrometer  wire,  12 

method  of  working  platinum,  S 
Woods,  112 

ash  of,  114 

specific  gravity  of,  118 
Wood's  meUl,  505 

analysis  of,  509 
Wurtz's  amalgam,  240 

Zaffre,  480 

Ziervogel's  separation  of  silver,  15< 

Zinc,  510 

alloy  with  copper,  518 
copper  and  platinum,  518 

gold,  518 

iron,  522 

lead,  518 

platinum,  518 

silver,  517 
amalgam,  517 
assay  of  ores,  577 
chloride,  517 
discrimination,  523 
distillation  by  Belgian  plan,  5 

English,  511 

Silesian,  514 
estimation,  523 
ores,  510 
oxide,  516 

preparation  of  pure,  515 
properties,  516 
sulphide,  517 


LONDON: 

John  Strawobwatb,  Printer, 

Caitle  St.  Leieester  8q. 


Ellis  &  White  s  Publications. 


MR.    MORRIS'S    NEW    POEM. 

Second  Edition  now  ready,  square  8vo.  ornamental  cloth,  price  ^s,  6d. 

LOVE    IS    ENOUGH; 

Or,  the  freeing  OF  PHARAMOND." 

A    MORALITY. 


THE    EARTHLY  PARADISE. 

A   POEM.     By   WILLIAM  MORRIS. 

4  Vols,  crown  Svo,  cL  price  £2  j  or  separately — 

Vols.  I.  and  II.  (Spring  and  Summer),  Seventh  Edition^  i6j. 
Vol.  III.  (Autumn),  Fifth  Edition^  I2J. 
Vol.  IV.  (Winter),  Fourth  Edition,  lis. 

These  volumes  contain  Twenty-five  Tales  in  Verse,  viz. : 

Vols.  I.  and  II. 


the  wanderers. 

atalanta's  race. 

the  man  born  to  be  king. 

the  doom  of  king  acrisius. 

the  proud  king. 

cupid  and  psyche. 

the  writing  on  the  image. 


THE  LOVE  OF  ALCESTIS. 
THE  LADY  OF  THE  LAND. 
THE  SON  OF  CRGBSUS. 
THE    WATCHING    OF    THE 

FALCON. 
PYGMALION  AND  THE  IMAGE. 
OGIER  THE  DANE. 


Vol.  III. 


THE  DEATH  OF  PARIS. 
THE  LAND  EAST  OF  THE  SUN 
AND  WEST  OF  THE  MOON. 
ACONTIUS  AND  CYDIPPE. 


THE    MAN    WHO    NEVER 

LAUGHED  AGAIN. 
THE  STORY  OF  RHODOPE. 
THE  LOVERS  OF  GUDRUN. 


Vol.  IV. 


THE  GOLDEN  APPLES. 

THE  FOSTERING  OF  ASLAUG. 

BELLEROPHON  AT  A£GOS. 


THE  RING  GIVEN  TO  VENUS. 
BELLEROPHON  IN  LYCIA. 
THE  HILL  OF  VENUS. 


POPULAR  EDITION. 

Complete  in  Ten  Monthly  Parts,  now  ready,  price  3j.  6</.  each. 
N.B. — Each  Part^  containing  two  or  more  Tales^  is  complete  in  itself. 


Ellis  ft  White's  Publications. 


Sixth  Edition,     Crcwn  8zv.  chth^  price  %s. 

The  life  and  DEATH  of  JASON. 

A  Poem,  in  Seventeen  Books. 
By  William  Morris,  Author  of  *  The  Earthly  Paradise/ 


I 


Crown  Sivo.  cloth,  price  8j. 

THE   STORY   OF    GRETTIR   THE 

STRONG. 

Translated  from  the  Icelandic  of  the  Grettis  Saga  (one  of 

the  most  remarkable  prose  works  of  ancient 

Icelandic  Literature), 

By  W.  MORRIS  and  E.  MAGNUSSON. 


Crown  81/0.  in  an  ornamental  binding  designed 
for  the  Author,  price  \2s. 

THE   STORY  OF  THE   VOLSUNGS 

AND   NIBLUNGS. 

With  Songs  translated  from  the  Elder  Edda. 
By  WILLIAM  MORRIS  and  E.   MAGNUSSON. 


MR.    ROSSETTI'S    POEMS. 

SIXTH   EDITION. 

Now  ready,  crown  Svo,  in  an  ornamental  binding,  designed  by  the 

Author,     Price  12s, 

POEMS.     By  Dante  Gabriel  Rossetti. 


Ellis  ft  White's  Publications. 


MR.   SWINBURNE'S   POEMS. 

Second  Edition^  crown  Siv.  clothe  price  los.  6d, 

SONGS    BEFORE    SUNRISE. 

By  Algernon  Charles  Swinburne. 


MR.    RALSTON'S    NEW    BOOK. 

Second  Edition^  Svo,  clothe  price  lis, 

THE  SONGS  OF  THE  RUSSIAN  PEOPLE 

AS  ILLUSTRATIVE  OF 
SLAVONIC  MYTHOLOGY  AND  RUSSIAN  SOCIAL  LIFE. 

By  W.  R.  S.  RAL5T0N,  M.A., 
Author  of  •  Krilof  and  his  Fables.' 


MR.   MARSTON'S    POEMS. 

Crown  Zvo,  cloth,  price  8j. 

SONG-TIDE,  AND  OTHER  POEMS, 

By  PHILIP  BOURKE  MARSTON. 


Crown  Svo,  c/ofA,  price  8j. 

LADY  JANE   GREY. 
INEZ  ;  OR,  The  Bride  of  Portugal. 

By   ROSS    NEIL. 


Crown  Svo.  ciotA,  price  lor.  td» 

LAYS    OF    FRANCE. 

(FOUNDED  ON  THS  LAYS  OF  MARI£.) 

By  Arthur  O'Shaughnessy,  Author  of '  An  Epic  of  Women. 


Ellis  &  White's  Publications. 


Cratvn  $vo,  cloth^  with  the  Authof^s  Portrait^  price  *js. 
FIRST  LIBRARY  EDITION  OF 

ORION.'   An  Epic  Poem. 

By  R.  H.  HORNE. 


I 


1 

I 


87'0.  doth  giltf  lor.  dd, 

THE  VOIAGE  AND  TRAVAILE  OF 
SIR  JOHN  MAUNDEVILE,  Kt. 

A.D.  1322-46. 

Which  Treateth  of  the  Way  to  Hierusalem ;   and  of  the 
Marvayles  of  Inde,  with  other  Hands  and  Countryes. 

Illustrated  with  7a  most  curious  Wood  Engravings.     Originally  Printed  in 

English  by  Richard  Pynson. 

NOW  REPRINTED,   WITH  AN  INTRODUCTION,   NOTES,   AND  A 

GLOSSARY, 

By  J.  O.  HALLIWELL,  Esq. 


LONDON : 
ELLIS  &  WHITE,  29  NEW  BOND  STREET. 


DATE  DUE 

